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FOREWORD 

This  bulletin  is  the  third  in  a  series  dealing  with  the  means  and 
agencies  which  influence  farmers  and  farm  women  to  change  their 
practices.  The  two  previous  bulletins  have  dealt  with  the  effective- 
ness of  the  cooperative  extension  system  in  reaching  farm  people, 
factors  affecting  the  adoption  of  practices,  the  contribution  of  the 
means  and  agencies  employed  in  extension  teaching,  the  relationship 
of  subject  matter  to  methods,  and  similar  problems. 

The  study  here  reported  advances  our  knowledge  of  the  conduct 
of  extension  one  step  further  by  interpreting  the  results  ascribed  to 
various  extension  methods  in  terms  of  their  relative  costs.  Stand- 
ards are  thus  set  up  which  may  guide  extension  administrators  and 
supervisors  in  budgeting  funds  and  planning  work,  and  extension 
agents  and  subject-matter  speciahsts  in  directing  and  making  efficient 
their  own  efforts. 

It  is  believed  that  this  bulletin  marks  real  progress  in  our  knowl- 
edge of  extension  methods  and  their  relative  efficiency. 

C.  B.  Smith, 
Chief,  Office  oj  Cooperative  Extension  Work. 
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INTRODUCTION 

This  study  of  extension  work  in  agriculture  and  home  economics 
was  made  by  the  United  States  Department  of  Agriculture  in  coop- 
eration with  the  land-grant  colleges  in  an  effort  to  discover  which 
of  the  means  and  agencies  employed  in  extension  teaching  have  been 
most  effective  when  the  time  of  extension  workers  and  other  costs 
are  considered.  The  determination  of  costs  entering  into  the  various 
extension  methods  and  the  relationship  of  these  costs  to  the  influence 
of  these  methods  have  been  the  primary  objects  of  the  investigation 
reported  in  this  bulletin.  For  the  first  time  data  on  extension  costs 
are  available  for  consideration  along  with  the  relative  effectiveness 
of  extension  means  and  agencies  as  brought  out  by  previous  studies.  ^ 

1  Director  Baker  was  granted  five  months  leave  of  absence  during  1928  by  the  New  Jersey  College  of 
Agriculture,  to  assist  with  this  study.  The  authors  are  indebted  toG.  F.  Warren  and  C.  E.  Ladd  of  Cornell 
University;  to  H.  R.  Tolley,  Bureau  of  Agricultural  Economics;  and  to  C.  B.  Smith,  Office  of  Cooperative 
Extension  Work;  for  assistance  in  planning  this  study  and  in  outlining  cost  schedules;  and  to  the  extension 
directors  and  the  other  extension  workers  in  the  States  cooperating,  for  assistance  in  collecting  cost  data. 

*  Wilson,  M.  C,    the  efffxtiveness  of  extension  in  reaching  rural  people      a  study  of  3.954 

FARMS  IN  IOWA,  NEW  YORK,  COLORADO,  AND  CALIFORNIA,  192.3-24.      U.  S.  Dept.  Agr.  Bul.  1384.  20  p..  Ulus. 
1926. 

Wilson,  M.  C.  extension  methods  and  their  relative  effectiveness.  U.S.  Dept.  Agr.  Teeh. 
Bul.  106,  48  p.,  illus.     1929. 
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The  comparative  returns  from  the  expenditure  of  extension  money 
in  different  ways  is  of  great  importance  to  all  those  engaged  in  exten- 
sion work. 

SCOPE  OF   STUDY 

Seventeen  States  cooperated  in  furnishing  data  for  the  study. 
These  States  are  Arkansas,  California,  Colorado,  Georgia,  Indiana, 
Kansas,  Michigan,  Minnesota,  New  Jersey,  New  York,  North  Caro- 
lina, Ohio,  Oregon,  Pennsylvania,  South  Dakota,  Tennessee,  and 
Wisconsin.  To  insure  uniform  and  complete  information,  personal 
visits  were  made  to  each  of  these  States  in  advance  of  assembling 
any  data.  These  17  States  had  43.8  per  cent  of  the  extension  workers 
and  46.4  per  cent  of  the  total  extension  budget  for  the  United  States 
for  the  fiscal  year  ended  June  30,  1928. 

Cost  schedules  were  filled  out  by  1,308  extension  workers,  or  nearly 
65  per  cent  of  all  those  employed  in  the  States  studied.  Included 
were  723  county  agricultural  agents,  254  home  demonstration  agents, 
42  boys'  and  girls'  club  agents,  232  agricultural  specialists,  and  57 
home  economics  specialists.  Copies  of  the  forms  used  in  collecting 
the  data  will  be  found  in  the  appendix. 

Satisfactory  distribution  of  time  and  other  costs  to  the  various 
means  employed  in  forwarding  extension  work  was  possible,  because 
of  the  records  kept  by  members  of  the  extension  staff  relating  to  the 
number  of  meetings  held,  demonstrations  conducted,  farm  visits 
made,  letters  mailed,  and  similar  activities,  even  though  actual  records 
of  cost  distribution  had  not  been  kept. 

Certain  activities,  such  as  telephone  calls,  circular  letters,  and  cor- 
respondence, frequently  relate  to  other  means  of  teaching,  such  as 
meetings  and  demonstrations.  This  is  also  true  to  some  extent  of 
farm  visits,  office  calls,  exhibits,  news  stories,  and  most  of  the  other 
agencies  employed  by  extension  workers.  It  is  believed  that  in  all 
cases  except  telephone  calls,  correspondence,  and  circular  letters,  the 
costs  which  might  be  distributed  to  the  various  other  methods  are 
largely  compensating.  The  costs  of  these  three  means  have  been 
adjusted  in  accordance  with  information  supplied  by  the  extension 
workers  cooperating  in  the  study. 

Time  distribution  and  total  costs  have  been  weighted  in  accordance 
with  the  number  of  extension  workers  in  the  several  groups  and  the 
amount  of  money  devoted  to  the  various  lines  of  extension  work  in 
the  States. 

An  attempt  has  been  made  to  include  all  funds  spent  within  the 
various  States  for  extension  purposes,  regardless  of  whether  such  funds 
were  in  all  cases  a  part  of  the  State  extension  budget.  For  example, 
where  members  of  the  experiment  station  staff  have  attended  extension 
meetings  the  cost  of  their  time  and  travel  has  been  charged  against 
meetings,  even  though  this  expense  frequently  has  not  been  charged 
against  the  extension  service. 

Funds  appropriated  to  the  United  States  Department  of  Agriculture 
for  extension  work,  and  allotted  to  the  States,  have  been  included  in 
the  cost  data.  Other  expenditures  of  the  Department  of  Agriculture 
which  might  affect  the  results  from  extension  methods,  although  not 
included  in  the  cost  tables,  also  have  been  taken  into  consideration 
in  the  final  analysis.  It  is  believed  that  these  additional  expenditures 
would  not  materially  affect  the  ratio  of  costs  to  results.     For  example, 
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the  largest  single  expenditure  of  the  United  States  Department  of 
Agriculture  for  extension,  which  has  not  been  included,  is  that  for 
bulletins.  The  addition  of  the  cost  of  Farmers'  Bulletins  would 
increase  the  percentage  of  extension  funds  spent  on  bulletins  by  about 
1  per  cent,  which  would  not  materially  change  the  standing  of  bulletins 
in  relation  to  other  methods.  The  overhead  costs  of  administration 
and  supervision  have  been  prorated  according  to  the  other  costs  of 
the  teaching  methods  employed. 


COST  OF  EXTENSION  METHODS 

The  proportion  of  total  extension  costs  expended  upon  the  different 
teaching  means  and  agencies  in  the  17  States  studied  is  given  in 
Table  1 .  The  range  of  costs  in  these  States  is  also  brought  out  by 
showing  the  percentage  of  funds  spent  by  the  State  spending,  the 
highest  percentage  and  by  the  State  spending  the  lowest  percentage 
on  each  method. 

Table  1. — Percentage  of  funds  spent  on  various  extension  methods 


Percentage  of  funds 
spent  by— 

1 

Method 

Percentage  of  funds 
spent  by — 

Method 

17 
States 

state 
spend- 
ing 
highest 

per- 
centage 

state 
spend- 

ing 
lowest 
percent- 
age 

17 
States 

State 
spend- 
ing 
highest 

per- 
centage 

State 
spend- 
ing 
lowest 

per- 
centage 

Result  demonstrations... 
Method  demonstrations 

17.22 
15.00 
13.68 
10.48 

27.99 

25.52 

18.15 

13.69 

10.99 

8.42 

8.37 

7.54 

7.83 
8.06 
9.53 
6.24 
3.32 
3.02 
1.43 
3.20 

Exhibits 

Correspondence  '    . 

4.20 
3.46 
2.81 
1.27 
1.11 
.71 
.33 
8.95 

6.59 
7.16 
6.16 
2.42 
1.78 
1.62 
1.03 
11.37 

1.93 
1  13 

Farm  or  home  visits 

General  meetings 

Extension  schools 

Circular  letters'... 

.67 
.52 

Bulletins                             1      6. 16 

Telephone  calls ' 

54 

Office  calls-.                       i      5.37 

Study  courses          .     .     . 

.02 

Leader  training 

4.65 
4.60 

Radio 

other 

09 

6.59 

1  Time  spent  on  telephone  calls,  correspondence,  and  circular  letters  relating  to  other  methods  has  been 
redistributed.  Costs  have  been  weighted  according  to  the  amounts  of  money  expended  for  the  various 
lines  of  work. 

Result  demonstrations  with  adults  and  juniors  received  the  largest 
proportion  of  extension  funds  on  the  average,  accounting  for  more 
than  17  per  cent  of  the  expenditures,  the  variation  being  from  less 
than  8  per  cent  in  one  State  to  nearly  30  per  cent  in  another  State. 

Method  demonstrations  account  for  an  additional  expenditure  of 
15  per  cent  of  funds,  making  the  cost  of  both  result  and  method 
demonstrations  equal  to  approximately  one-third  of  the  extension 
budgets  of  these  States.  Leader-training  meetings,  which  in  most 
instances  are  closely  related  to  method  demonstrations,  increased  the 
cost  another  5  per  cent. 

Personal  visits  to  farms  and  farm  homes  consume  nearly  one- 
sevefith  of  the  appropriations  for  extension  work.  Handling  requests 
for  information  through  office  calls,  telephone  calls,  and  correspond- 
ence takes  approximately  10  per  cent  of  the  funds,  making  a  total 
of  nearly  24  per  cent  of  moneys  expended  for  personal  service 
methods. 

Extension  costs  incident  to  news-service  material  account  for  4.6 
per  cent  of  the  budget  and  are  only  slightly  in  excess  of  the  costs  of 
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extension  exhibits.  The  writing,  printing,  and  distribution  of  popu- 
lar bulletins  and  circulars  used  in  extension  teaching  require  slightly 
more  than  6  per  cent  of  expenditures.  Circular  letters  and  home 
study  or  correspondence  courses   take   about   2   per  cent   more  of 
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Figure  l.— Time  cost  and  total  cost  of  extension  methods  compared.    Data  weighted  according  to 
the  number  of  workers  and  amount  of  money  involved  in  the  different  lines  of  work 

extension  funds,  making  a  total  for  written  methods,  not  including 
personal  letters,  of  nearly  13  per  cent  of  all  costs. 

General  community  meetings  other  than  method-demonstration 
meetings,  leader-training    meetings,  and    extension  schools  require 
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approximately  10.5  per  cent  of  extension  funds,  the  State  with  the 
lowest  expenditure  spending  more  than  6  per  cent  of  its  funds  and 
the  State  with  the  highest  expenditure  less  than  14  per  cent  of  its 
funds  for  general  meetings.  As  yet  radio  is  not  taking  a  very  large 
toll  of  the  extension  budget,  the  cost  of  this  means  of  extension 
teaching  being  but  one-third  of  1  per  cent  of  all  costs. 

Miscellaneous  costs,  including  time  required  to  prepare  reports, 
care  for  routine  correspondence,  and  other  matters,  amounted  to  less 
than  9  per  cent  of  total  costs. 

CORRELATION  BETWEEN  TIME  COST  AND  TOTAL  COST 

Salaries  of  the  extension  staff  constitute  68  per  cent  of  the  exten- 
sion budgets  in  these  States.     County  extension  offices,  as  a  rule. 


Figure  2.— The  low  cost  of  distributing  bulletins  and  circular  letters  through  the  mail  is  an 
^important  consideration  in  their  use  in  extension  work 

are  in  public  buildings;  the  extension  staff  conducts  its  teaching  in 
community  buildings,  schoolhouses,  churches,  farm  homes,  fields,  and 
barns.  The  cost  of  demonstration  material  and  equipment  is  largely 
borne  by  cooperating  farmers  and  home  makers.  Travel  costs 
chargeable  to  the  various  methods  are  naturally  dependent  to  a 
large  extent  upon  the  time  devoted  to  these  methods. 

In  view  of  these  facts,  close  correlation  between  time  and  cost 
distribution  is  not  surprising.  (Fig.  1.)  Bulletins  show  the  greatest 
spread  between  time  cost  and  total  cost.  This  is  due  largely  to 
relatively  high  costs  for  printing.  No  other  means  of  extension 
teaching  calls  for  so  great  an  expenditure  of  money  in  addition  to 
time  cost  as  do  bulletins.     (Fig.  2.) 

These  data  emphasize  to  extension  workers  the  importance  of 
carefully  planning  their  time.  They  also  suggest  the  possibility 
that,  in  future  studies,  analysis  of  time  costs  only  may  furnish  an 
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adequate  basis  for  the  determination  of  effectiveness  of  extension 
methods. 

HOW  EXTENSION  WORKERS  EMPLOY  THEIR  TIME 

Because  of  the  close  relationship  between  time  cost  and  total  cost 
of  extension  methods,  it  is  important  to  know  how  county  extension 
workers  employ  their  time.  Do  the  duties  of  county  extension  agents 
require  a  somewhat  different  time  distribution  than  do  those  of 
subject-matter  specialists?  Problems  in  the  field  of  agriculture  are 
different  from  those  in  home  economics  and  may  require  a  different 
approach.  It  seems  reasonable  also  that  extension  activities  with 
adults  should  vary  somewhat  from  those  which  are  successful  in  boys' 
and  girls'  4-H  club  work.  The  way  in  which  members  of  the  exten- 
sion staff  charged  with  these  different  responsibilities  are  using  their 
time  is  of  the  utmost  significance.  While  not  necessarily  represent- 
ing the  best  use  of  time,  the  way  approximately  1,300  extension 
workers  are  spending  their  time  does  furnish  time-distribution  stand- 
ards based  on  the  practical  experiences  of  large  numbers  of  field 
workers. 

ALL  EXTENSION  WORKERS 

Considering  the  time  distribution  of  the  entire  extension  personnel 
in  the  17  States  studied  the  result  demonstration  is  the  heaviest 
consumer  of  extension  time,  accounting  for  19  per  cent  on  the  average. 
(Table  2.)  Extension  workers  in  one  State  devoted  less  than  9  per 
cent  of  their  time  to  this  means,  while  in  another  State  they  spent 
more  than  30  per  cent  of  their  time  on  it.  Method  demonstrations 
require  over  16  per  cent  of  extension  workers'  time,  farm  and  home 
visits  14  per  cent,  and  general  meetings  10  per  cent.  More  than 
one-half  of  extension  time  is  expended  on  these  four  means. 

Table  2. — Percentage  of  time  devoted  to  various  methods  by  all  extension  workers^ 


Percentage  of  time 
devoted  in— 

Method 

Percentage  of  time 
devoted  in— 

Method 

17 
States 

State 
devot- 
ing 
highest 

per- 
centage 
of  time 

State 
devot- 
ing low- 
est per- 
centage 
of  time 

17 
States 

State 
devot- 
ing 
highest 

per- 
centage 
of  time 

State 
devot- 
ing 
lowest 

per- 
centage 
of  time 

News  service  . 

4.11 

3.28 
16.43 
19.11 
14.28 

6.83 
.81 

2.31 

6.69 

4.46 

24.59 

30.41 

21.46 

10.90 

1.23 

5.54 

3.16 

2.33 

8.76 

8.69 

10.75 

4.76 

.42 

.95 

Circular  letters 

0.90 
2.92 
4.82 
9.82 

.94 
4.44 

.34 
8.66 

2.12 
6.66 
9.08 

13.76 
2.74 
6.89 
1.15 

11.87 

0.37 

Bulletins 

Extension  schools 

Leader  training 

.91 

IMethod  demonstrations 

1.37 

Result  demonstrations.. - 
Farm  or  home  visits 

General  meetings 

Study  courses..  ...     .. 

5.69 
.10 

Office  calls 

Exhibits 

2.34 

Telephone  calls 

Radio — 

.01 

other  activities 

6.04 

iData  weighted  according  to  the  number  of  workers  in  the  different  groups. 

Work  incident  to  getting  information  regarding  improved  practices 
before  the  public  through  the  medium  of  the  press  requires  sUghtly 
more  than  4  per  cent  of  extension  time,  a  little  less  than  7  per  cent  of 
extension  workers'  time  being  devoted  to  press  activities  in  the  State 
where  the  workers  spent  the  greatest  amount  of  time  on  this  activity 
and  a  little  more  than  3  per  cent  in  the  State  where  least  time  was 
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spent  on  it.     The  amount  of  time  devoted  to  extension  exhibits  cor^ 
responds  very  closely  to  the  time  spent  on  news  service. 

The  receiving  of  office  callers  consumes  nearly  7  per  cent  of  the 
time  of  the  extension  workers,  and  the  handling  of  correspondence 
2.3  per  cent.  The  writing  and  distribution  of  bulletins  and  cir- 
culars occupies  a  little  more  than  3  per  cent  of  extension  time,  cir- 
cular letters  slightly  less  than  1  per  cent,  and  correspondence  or  study 
courses  about  1  per  cent  of  extension  workers'  time.  Nearly  3  per 
cent  of  their  time  is  required  by  extension  schools.  Leader-training 
meetings  take  about  5  per  cent,  while  miscellaneous  activities  like  the 
preparation  of  routine  reports  consume  nearly  9  per  cent  of  the  time 
of  extension  workers. 


coAMMr^^.^r  'zs^  'Jos/'  'zzo^ 

MP/k?r   3.23    2.66  34.^7  /7.3S 
Cli/BMT^.SS   373    9.47  22./4 


SS    2.74  £SO    6.92    .94    4.3d    ./3      7.7^ 
.7/     .33  S.6(?  //.23    .97   9.36    .06     7/0 


Figure  3.— Percentage  of  time  devoted  to  methods  by  county  extension  agents  in  17  States 
COUNTY  EXTENSION  AGENTS 

The  three  groups  of  extension  workers — county  agricultural  agents, 
home  demonstration  agents,  and  boys'  and  girls'  club  agents — spend 
about  the  same  proportion  of  time  on  news  service  and  bulletin 
distribution.  (Fig.  3.)  Home  demonstration  agents  devote  more 
than  three  times  as  much  attention  to  method  demonstrations  as 
do  county  agricultural  agents  and  club  agents.  On  the  other  hand, 
agricultural  agents  and  club  agents  devote  about  5  per  cent  more 
time  to  result  demonstrations  than  home  demonstration  agents  do 
and  from  two  to  three  times  as  much  attention  to  farm  visits. 
(Fig.  4.)  Office  calls  require  about  three  times  as  much  attention 
from  county  agricultural  agents  as  from  either  home  demonstration 
agents  or  club  agents.     Telephone  calls  incident  to  the  giving  of 
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subject-matter  information  require  nearly  twice  the  time  of  agri- 
cultural agents  that  the  other  two  groups  spend  on  them. 

The  answering  of  requests  for  information  by  letter  and  the  prep- 
aration of  circular  letters  take  a  much  smaller  proportion  of  the  time 
of  home  demonstration  agents  than  of  agricultural  agents  and  club 
agents.  Club  agents  devote  less  time  to  extension  schools  than  do 
either  home  demonstration  agents  or  county  agents.  Both  club 
agents  and  home  demonstration  agents  spend  more  than  twice  as 
much  time  on  leader-training  meetings  as  do  agricultural  agents. 
General  meetings  are  emphasized  most  by  club  agents  and  least  by 
home  demonstration  agents. 

All  three  groups  of  workers  devote  less  than  1  per  cent  of  time  to 
correspondence  courses.  Exhibits  require  more  than  twice  as  much 
attention  from  club  agents  as  from  home  demonstration  agents,  and 


Figure  4.— Personal  visits  to  discuss  individual  farm  problems  consume  20  per  cent  of  the  time  of 
agricultural  agents,  and  nearly  the  same  proportion  of  time  of  boys'  and  girls'  club  agents 

agricultural  aerents  devote  the  least  time  to  this  means.  As  yet  radio 
takes  very  Uttle  of  the  time  of  county  extension  agents.  Miscella- 
neous activities  require  slightly  more  time  of  agricultural  agents  than 
of  either  home  demonstration  agents  or  club  agents. 

If  the  means  and  agencies  are  grouped  according  to  types  it  is 
interesting  to  note  that  objective  methods,  including  method  and 
result  demonstrations,  leader  training  and  exhibits,  consume  62  per 
cent  of  the  time  of  home  demonstration  agents  as  compared  with  46 
per  cent  of  the  club  agents'  time,  and  39  per  cent  of  the  time  of 
agricultural  agents.  (Table  3.)  Meetings  other  than  method  demon- 
stration and  leader  training  take  12  per  cent  of  club  agents'  time,  11 
per  cent  of  county  agricultural  agents'  time,  and  a  httle  less  than  10 
per  cent  of  the  time  of  home  demonstration  agents.  Of  the  time 
spent  on  teaching  means  involving  the  printed  word,  the  smallest 
amount  of  time  is  spent  by  home  demonstration  agents  and  the  greatest 
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amount  of  time  by  club  agents,  although  the  variation  in  the  three 
groups  is  not  great.  County  agricultural  agents  devote  most  time  to 
personal-service  methods,  nearly  one-third  of  their  time;  club  agents 
about  one-fourth;  and  home  demonstration  agents  one-eighth. 

Whether  or  not  this  variation  in  expenditure  of  time  by  the  three 
groups  of  county  extension  workers  is  due  to  differences  in  problems 
and  people  involved  or  whether  it  is  merely  the  outgrow^th  of  earlier 
conceptions  of  how  the  various  lines  of  extension  work  should  be 

Table    3. — Percentage  of  time   devoted   to  various   groups  of  methods   by   county 
agricultural,  home  demonstration,  and  boys'  and  girls'  club  agents 


Groups  of  methods 


Percentage  of  time  devoted 
by- 


Home    !     Boys' 
demon-   ;and  girls' 
stration  j      club 

agents    1    agents 


Demonstrations  (method  and  result) 

Leader  training 

Exhibits l 

Meetings  (other  than  method  demonstration  and  leader  training) 

Radio 

Printed  word  (news  service,  bulletins,  circular  letters,  study  courses)--. 

Personal   service    (farm    or    home    visits,   office  calls,   telephone  calls 

correspondence) 


46.57 

12.14 
10.36 

23.83 
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Figure  5.— Percentage  of  time  devoted  to  methods  by  subject-matter  specialists  in  17  States 

conducted,  may  well  be  given  careful  consideration  by  extension 
supervisors.  The  returns  to  be  expected  from  the  various  expend- 
itures of  time  (fig.  9)  is  also  of  vital  importance  in  this  connection. 


SUBJECT-MATTER  SPECIALISTS 


Agricultural  specialists  spend  a  little  more  time  on  news  service 
and  a  little  less  time  on  bulletins  than  do  home  economics  specialists. 
(Fig.  5.)     Both  groups  spend  about  the  same  proportion  of  time  on 
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demonstrations  (30  per  cent),  but  in  the  case  of  home  economics 
specialists  more  emphasis  is  placed  on  method  demonstrations  and 
less  emphasis  on  result  demonstrations  than  in  the  case  of  agricultural 
specialists. 

Farm  visits,  office  calls,  telephone  calls,  correspondence,  and  exten- 
sion schools  receive  much  more  attention  from  agricultural  specialists 
than  from  home  economics  specialists.  With  respect  to  leader 
training,  home  economics  specialists  devote  about  six  times  as  much 
time  to  this  activity  as  do  agricultural  specialists.  General  meetings, 
however,  come  in  for  more  of  the  time  of  agricultural  specialists  than  of 
home  economics  specialists.  Both  groups  devote  about  the  same  pro- 
portion of  time  to  exhibits  and  radio  talks.  Miscellaneous  activities 
occupy  3  per  cent  more  of  agricultural  specialists'  time  than  of 
home  economics  specialists'  time. 

The  time  distribution  is  given  in  Table  4  for  all  the  various  lines  of 
specialist  work  in  agriculture  and  home  economics,  in  so  far  as  the 
number  of  specialists  involved  would  permit  of  satisfactory  averages. 

Table  4. — Percentage  of  time  devoted  to  various  methods  by  subject-matter  specialists 
grouped  according  to  subject  matter  ^ 


Method 


News  service 

Bulletins 

Method  demonstrations. 
Result  demonstrations. 
Farm  and  home  visits... 

Office  calls 

Telephone  calls 

Correspondence 

Circular  letters 

Extension  schools 

Leader  training 

Meetings 

Study  courses 

Exhibits 

Radio 

Other 


Percentage  of  time  spent  by  specialists  in- 


Agron- 
omy 


4.00 
3.12 
7.82 
21.65 
7.10 
3.35 

.64 
6.12 

.86 
8.34 
3.63 
15.78 

.45 
6.10 

.94 
10.10 


Animal 

hus- 
bandry 


4.88 

5.26 

13.35 

23.11 

8.41 

2.59 

.48 

3.0 

1.59 

4.71 

2.62 

13.96 

.75 

5.66 

.99 

8.64 


Agri- 
cultural 

engi- 
neering 


2.33 

8.63 

21.86 

12.53 

11.  56 

4.46 

2.07 

3.71 

.59 

5.49 

2.52 

6.16 

2.55 

4.78 

1.19 

9.57 


Dairy- 
ing 


3.59 
2.38 
8.62 

15.82 

12.34 
3.03 
.79 
4.19 
1.09 
5.98 
6.24 

17.98 

.48 

4.25 

1.06 

12.16 


Ento- 
mology 


3.55 
3.88 

19.27 

7.63 

7.48 

1.88 

.59 

10.01 
2.75 
2.29 
5.26 

15.  03 

.44 

7.90 

.67 

11.37 


Farm 
man- 


2.97 
8.98 

12.78 

15.41 
9.43 
3.67 
.39 
1.57 
.29 
4.43 
1.70 

13.66 

2.67 

4.27 

.78 

17.0 


Fores- 
try 


8.81 

5.34 

16.64 

19.54 

9.74 

2.73 

.54 

6.17 

.94 

.85 

2.39 

10.25 


7.68 

1.0 

7.38 


Horti- 
culture 


6.49 

4.24 

18.90 

14.38 

7.78 

2.92 

.60 

4.58 

2.14 

7.14 

1.88 

13.31 

1.12 

3.74 

1.10 

9.68 


Percentage  of  time  spent  by  specialists  in- 

-Continued 

Method 

Market- 
ing 

Plant 
pathol- 
ogy 

Poultry 

Veteri- 
nary 

Clothing 
and  mil- 
linery 

Food  and 
nutrition 

Home 
manage- 
ment 

News  service. 

4.46 

17.71 

18.53 

9.11 

1.31 

2.50 

.41 

3.29 

1.79 

9.52 

7.12 

11.79 

.14 

2.68 

2.15 

7.49 

5.57 

3.98 

18.  59 

12.56 

12.20 

2.57 

.59 

6.58 

2.15 

7.86 

3.04 

8.07 

3.67 
3.40 

22.74 

13.80 
8.60 
2.65 
.49 
5.47 
1.25 
5.11 
3.77 

11.99 

1.69 

3.91 

.37 

11.09 

2.53 
5.16 
9.13 
8.78 
7.24 
3.0 
.66 
3.62 
1.25 
3.48 
4.62 

30.37 

.66 

4.13 

2.80 

12.57 

3.54 

6.66 

28.59 

8.56 

1.03 

1.77 

.55 

.94 

.50 

.87 

28.15 

6.73 

.78 

4.58 

1.23 

5.52 

3.79 

8.36 

23.58 

4.90 

.95 
1.59 

.36 
1.92 

.30 
1.99 
24.90 
8.28 
3.57 
3.87 

.55 
11.09 

3.10 

Bulletins 

8.55 

Method  demonstrations 

Result  demonstrations 

Farm  and  home  visits 

23.81 
13.88 
7.81 

Office  calls 

1.42 

Telephone  calls 

.22 

.98 

Circular  letters 

.53 

Extension  schools 

.90 

18.50 

Meetings 

6.42 

Study  courses 

.42 

Exhibits 

3.21 

.43 

12.60 

6.78 

Radio . 

1.26 

Other , 

5.43 

iQnly  subject-matter  lines  are  listed  where  sufficient  specialists  reported  to  make  a  satisfactory 
average. 
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In  grouping  extension  methods,  as  in  the  case  of  county  extension 
agents,  it  is  found  that  home-economics  speciahsts  spend  59  per  cent 
of  their  time  on  demonstrations,  leader  training,  and  exhibits,  whereas 
agricultural  specialists  devote  but  40  per  cent  of  their  time  to  objective 
methods.  (Table  5.)  Meetings  other  than  method  demonstration 
and  leader  training  consume  20  per  cent  of  the  time  of  agricultural 
specialists  as  compared  to  less  than  13  per  cent  of  the  time  of  home- 
economics  specialists.  Both  groups  devote  approximately  the  same 
time  to  extending  information  by  means  of  the  printed  word.  Agri- 
cultural specialists  devote  much  more  of  their  time  to  personal-service 
types  of  methods  than  do  home-economics  specialists — 17  per  cent  as 
contrasted  to  6  per  cent. 

Table  5. — Percentage  of  time  spent  on  various  groups  of  methods  by  subject-matter 

specialists 


Percentage  of  time 
spent  by- 

Groups  of  methods 

Agricul- 
tural spe- 
cialists 

Home- 
econom- 
ics spe- 
cialists 

Demonstrations,  (method  and  result) 

Leader  training                                                                            .  -. 

\     40. 23 

59.45 

Exhibits. .-. -.- --- 

1 

}      20.35 

11.70 
-      16. 97 

Radio 

12.67 

Printed  word  (news  service,  bulletins,  circular  letters,  study  courses).,. 

13.56 

Personal  service  (farm  or  home  visits,  office  calls,  telephone  calls,  correspondence).. . 

6.38 

COMPARISON    BETWEEN    TIME   DISTRIBUTION    OF   STATE   ^ND  COUNTY  WORKERS 

Regardless  of  whether  one  is  a  State  worker  or  a  county  worker  he 
devotes  approximately  the  same  proportion  of  time  to  method  and 
result  demonstrations,  leader  training,  and  exhibits,  provided  he  or 
she  remains  in  the  same  line  of  work,  agriculture  or  home  economics. 
(Table  6.)  State  specialists  spend  more  time  on  meetings  other  than 
method  demonstration  and  leader  training,  including  radio,  than  do 
county  extension  agents.  This  is  true  also  of  news  stories,  bulletins, 
circular  letters,  and  correspondence  or  study  courses  as  a  group. 

When  it  comes  to  rendering  personal  service  to  farmers  and  farm 
women.  State  specialists  devote  only  about  one-half  as  much  time  to 
methods  of  this  type  as  do  county  workers. 

Table  6. — Comparison  of  percentages  of  time  spent  on  various  groups  of  methods 
by  State  and  county  workers 


Percentage  of  time  spent  by— 

Groups  of  methods 

.\gricultural 
workers 

Home  economics 
workers 

State 

County 

State     1  County 

i      40.23 

20.35 

11.70 
16.97 

39.03 

11.34 

8.39 
32.79 

Leader  training 

59  45            62.00 

Exhibits 

Meetings  (other  than  method  demonstration  and  leader  train- 
ing) 

i 
12  67  '           9. 79 

Radio 

Printed  word  (news  service,  bulletins,  circular  letters,  study 
courses) 

Personal  service  (farm  visits,  office  calls,  telephone  calls,  corre- 
spondence)  - 

i 
13.  56              7.  39 

6.  38             13. 06 
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REDISTRIBUTION    OF    COSTS    OF    CORRESPONDENCE,  TELEPHONE 
CALLS,  AND  CIRCULAR  LETTERS 

In  the  preceding:  discussions  of  time  distribution  and  total  cost  of 
the  various  extension  methods  the  information  relating  to  correspond- 
ence, telephone  calls,  and  circular  letters  includes  only  that  portion 
of  the  cost  of  these  agencies  concerned  with  the  dissemination  of 
subject-matter  information.  In  the  case  of  correspondence  and  cir- 
cular letters  this  represents  approximately  27  per  cent  of  the  total 
cost  of  these  means.  In  th3  case  of  telephone  calls  it  is  33  per  cent 
of  the  total.  (Table  7.)  The  remainin;^  cast  of  these  three  means 
has  been  recharged  against  the  other  m3an3  and  agencies  in  accord- 
ance with  the  combined  judgment  of  the  1,300  extension  workers 
cooperating  in  the  study. 

Table  7. — Proporti  m  of  correspondence,  telephone  calls,  and  circular  letters  relating 
to  subject-matter  information  and  to  other  extension  activities 


Item 


Number  of  extension  workers  reporting 

Percentage  of  time  devoted  to  method  (total  before  redistribution) 
Percentage  of  activity  relating  to— 

Subject-matter  information 

News  serv-ce 

Bulletins. 

Method-demonstration  meetings 

Result  demonstrations 

Farm  or  home  visits *. 

Extension  schools . 

Local-leader  training ^-- 

Other  meetings 

study  or  correspondence  courses . .  

Exhibits 

Other 


Corre- 
spond- 
ence 


,306 
7.21 

26.70 
4.18 
6.80 
11.48 
16.31 
5.15 
2.59 
5.13 
7.77 
.80 
3.89 
9.20 


Tele- 
phone 
calls 


1,  251 
2. 


33.06 
2.75 
3.10 
10.27 
13.20 
7.60 
2.24 
4.01 
7.71 


Circular 
letters 


1,260 
3.19 

26.93 

4.14 

5.65 

14.85 

18.04 

1.66 

3.43 

4.73 

9.65 

.77 

3.70 

6.45 


In  the  redistribution  of  the  costs  of  these  three  means  it  was  found 
that  a  very  considerable  portion  of  the  correspondence  of  extension 
workers,  telephone  calls,  and  circular  letters  issued  b}^  them  relate  to 
result  demonstrations  (13  to  18  per  cent),  followed  by  those  relating 
to  the  method  demonstration  (10  to  15  per  cent)  and  the  general 
meeting  (8  to  10  per  cent).  Other  methods  to  which  were  redistrib- 
uted a  portion  of  the  cost  of  correspondence,  telephone  calls,  and 
circular  letters  are  farm  or  home  visits  (2  to  8  per  cent),  bulletins  (3 
to  7  per  cent),  leader  training  (4  to  5  per  cent),  news  service  (3  to  4 
per  cent),  and  exhibits  (4  per  cent). 

The  total  amount  of  time  devoted  to  these  three  agencies  by 
extension  workers  is  not  great;  2.7  per  cent  for  telephone  calls,  3.2 
per  cent  for  circular  letters,  and  7.2  per  cent  for  correspondence.  The 
redistribution  of  costs  therefore  does  not  greatly  change  the  propor- 
tion of  total  costs  charged  to  the  other  methods,  but  does  reduce 
materially  the  proportion  of  cost  charged  against  correspondence, 
telephone  calls,  and  circular  letters  as  means  of  disseminating  subject- 
matter  information. 

ANALYSIS  OF  OTHER  EXTENSION  COSTS 

In  addition  to  time  of  extension  workers  there  are  other  costs  which 
must  be  considered,  most  important  of  which  are  travel  expense  and 
clerical  hire. 
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TRAVEL  EXPENSE 


In  the  States  studied  travel  expenses  of  extension  workers  includ- 
ing railioad  fares,  automobile  operation,  and  subsistence  make  up 
18  per  cent  of  all  extension  expenditures.  The  proportion  of  travel 
expense  chargeable  to  the  various  means  and  agencies  varies  with  the 
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Figure  6.— The  percentage  of  time  devoted  to  methods  by  809  extension  clerks.  The  percentages  of 
time  that  clerks  gave  to  telephone  calls,  correspondence,  and  circular  letters  which  concerned 
the  other  methods  listed  have  not  been  allocated  to  them 

different  kinds  of  workers.  (Table  8.)  Considering  travel  of  all 
workers  the  largest  proportions  of  cost  are  charged  to  method- 
demonstration  meetings,  result  demonstrations,  farm  and  home 
visits,  and  general  meetings.  These  four  means  are  responsible  for 
78  per  cent  of  the  total  cost  of  travel. 
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Table  8. — Percentage  distribution  of  cost  of  travel  performed  by  agents  and 

specialists ' 


Percentage  of  cost  of  travel  of  — 

Method 

All 
workers 

County 
agricul- 
tural 
agents 

Home 
demon- 
stration 
agents 

Club 
agents 

Agricul- 
tural 
special- 
ists 

Home- 
economics 
special- 
ists 

Newsservice 

Bulletins  .  .    ....     -. 

0. 70 

.07 

20.45 

21.91 

22.28 

3.48 

5.30 

13.58 

.27 

4.43 

.12 

7.41 

0.98 

0.52 

0.77 

0.32 

.24 

20.93 

19.49 

14.25 

6.69 

4.23 

21.40 

.12 

5.22 

.16 

6.95 

0.26 
12 

Method  demonstrations 

11.72 
25.29 
31.86 

2.23 

3.21 

12.22 

.22 

3.56 
.14 

8.57 

45. 10 
16.11 
10.78 
2.70 
5.82 
7.72 
.39 
4.72 
.07 
6.07 

13  75 

30.37 

21.90 

2.31 

5.18 

11.81 

1.06 

8.03 

4."82' 

og  50 

JResult  demonstrations.. _     .      _.     

V35 

Farm  visits 

Extension  schools ..     .  

3:26 
3  99 

Leader  training ...  .. , 

34  68 

General  meetings 

Study  courses _. 

Exhibits          _    .. 

9.69 

.34 

4  61 

Radio 

Other 

.12 

4.98 

Weighted  according  to  the  number  of  workers  of  each  kind  in  each  State. 


Figure  7.— Handling  the  morning's  mail  in  a  county  extension  office.  Correspondence  and 
circular  letters  require  slightly  more  than  10  per  cent  of  the  time  of  the  extension  worker  but 
nearly  50  per  cent  of  the  time  of  the  office  secretary 

'  With  county  agricultural  agents  and  county  club  agents,  farm 
visits  necessitate  the  heaviest  travel  expense,  while  with  county  home 
demonstration  agents,  agricultural  specialists,  and  home  economics 
specialists,  leader-training  and  method-demonstration  meetings 
together  constitute  the  largest  item  of  travel  cost. 

There  is  naturally  a  close  relationship  between  distribution  of 
travel  cost  and  distribution  of  time  of  extension  workers  (fig.  1)  since 
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the  proportion  of  cost  of  automobile  operation  and  railroad  fare 
chargeable  to  a  particular  means  is  largely  governed  by  the  emphasis 
placed  upon  that  means. 

CLERICAL  COSTS 

The  work  of  ofl&ce  clerks  contributes  to  the  success  of  other  mem- 
bers of  the  extension  staff.  Competent  office  clerks  are  able  to  care 
for  many  requests  made  by  telephone  and  by  callers  at  the  office; 
every  extension  office  is  called  upon  to  handle  much  correspondence ; 
demonstration  and  lecture  material  can  be  assembled  and  prepared 
by  clerical  assistants;  bulletins  are  disseminated  from  county  offices 
principally  as  a  result  of  office  calls,  either  by  telephone  or  in  person, 
and  are  cared  for  mainly  by  the  clerical  staff;  preparation  of  news- 
service copy,  which  constitutes  an  important  function  in  every 
extension  office,  calls  for  considerable  clerical  help.  Cost  of  clerical 
help  is  an  important  item.  The  State  and  county  extension  offices 
furnishing  data  for  this  study  employ  809  clerks  and  stenographers. 
The  time  cost  of  office  help  has  been  charged  against  the  various 
means  and  agencies  employed  in  extension  teaching.  The  time  dis- 
tribution of  the  office  staff  (fig.  6)  indicates  that  approximately  48  per 
cent  of  their  time  is  spent  in  handling  correspondence  and  the  prepara- 
tion and  maiUng  of  circular  letters.  Calls  at  the  office  and  over  the 
telephone  account  for  15.7  per  cent  of  their  time.  The  preparation 
of  news-service  copy  for  the  editors  of  various  papers  and  the  distri- 
bution of  bulletins  take  nearly  12  per  cent  of  their  time.     (Fig.  7.) 

The  keeping  of  records  of  farm  visits  and  result  demonstrations, 
and  arrangements  for  various  kinds  of  meetings  account  for  11.4  per 
cent  of  their  time.  Exhibits  require  a  little  less  than  2  per  cent  of 
the  time  of  extension  clerks,  leaving  about  11  per  cent  of  time  for 
miscellaneous  activities  not  properly  chargeable  to  the  individual 
teaching  means  and  agencies. 

COMPARISON  OF  EFFICIENCY  OF   METHODS 

After  this  brief  review  of  the  great  variation  in  amount  of  time  ard 
other  extension  costs  expended  upon  the  different  means  and  agencies 
employed  in  extension  teaching,  it  is  desirable  to  examine  the  results 
which  may  be  ascribed  to  these  same  means  and  agencies  in  order  to 
learn  of  their  relative  efficiency  as  teaching  instruments  from  a  cost 
standpoint.  If  returns  are  in  proportion  to  size  of  investment,  there 
is  little  opportunity  for  an  extension  worker  to  increase  his  eftective- 
ness  through  a  more  intelligent  selection  of  teaching  means  and 
agencies.  Studies  previously  made^  provide  information  as  to  the 
relative  returns  from  the  means  and  agencies  employed  in  extension 
teaching.  Data  are  now  available  involving  more  than  30,000 
instances  of  adoption  of  improved  practices  by  farmers  and  farm 
women  on  nearly  10,000  farms  in  representative  areas  of  39  counties 
of  14  States.     (Table  9.) 

'Wilson,  M.C.    Op.  cit. 
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Table  9. — Relative  influence  of  extension  methods 


Percentage  of  changes  in 
practices      influenced 
by  indicated  method 
ini— 

Method 

Percentage  of  changes 
in     practices     influ- 
enced  by   indicated 
method  in  i— 

Method 

14 

states 

State  in 
which 

method 
was 

most  ef- 
fective 

State  in 
which 
method 
was  least 
effective 

14 
States 

State  in 
which 

method 
was 

most  ef- 
fective 

State  in 
which 
method 
was 
least 
effec- 
tive 

Method  demonstrations 
andleader-training 
meetings 

General  meetings 

Farm  and  home  visits.. .. 

News  stories 

20.49 
18.07 
15.45 
12.82 
8.65 
8.36 

29.89 
36.38 
30.99 
29.07 
16.64 
23.30 

4.80 
7.75 
3.58 

.31 
2.50 

.76 

Result  demonstrations... 
Circular  letters .     .. 

8.06 
2.33 

1.75 
1.56 
.97 
.77 
.49 
.19 

18.  58 
20.89 

1.89 

Radio 

Correspondence 

5.07  i 

5.  24             .  29 

Extension  schools 

Exhibits 

2.44    

1.99 

Bulletins 

Telephone  calls.  .      

1.04  I 

Office  calls 

Study  courses           .  .  .. 

.61  1 

1  Percentages  corrected  by  distributing  influence  of  indirect  and  computing  to  basis  of  total  influ3nce 
of  all  methods  equals  100  per  cent.  The  data  are  based  on  30,183  instances  of  adoption  of  improved  prac- 
tices on  9,872  farms  in  39  counties  of  14  States. 
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Figure  8.— The  relative  cost  and  influence  of  extension  methods  as  indicated  by  the  cost  data 
from  17  States  and  practices  from  14  States.  Percentage  of  practices  corrected  by  proratmg 
influence  of  indirect  and  computing  to  basis  of  total  influence  of  all  methods  equals  100  per  cent 
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The  later  studies  of  the  effectiveness  of  extension  methods  have  not 
led  to  any  appreciable  redistribution  of  the  percentages  of  practices 
adopted  which  were  credited  to  the  influence  of  the  various  means 
and  agencies,  as  brought  out  by  the  earlier  studies.  It  is  therefore 
believed  that  these  data  may  be  taken  as  a  reliable  index  of  the  aver- 
age returns  from  these  means  and  agencies  throughout  the  country. 

A  comparison  of  percentages  of  cost  and  percentages  of  returns 
credited  to  the  various  methods  (fig.  8)  emphasizes  the  fact  that  the 
cost  is  seldom  a  true  indication  of  accomplishment.  For  example, 
to  bulletins  and  circulars  distributed  to  farmers  and  farm  home 
makers  6.2  per  cent  of  annual  extension  expenditures  is  chargeable, 
whereas,  8.6  per  cent  of  the  changed  practices  resulting  from,  exten- 
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Figure  9.— Ratio  of  practices  adopted  to  cost  of  various  methods 

sion  teaching  is  credited  to  this  means.  All  extension  costs  inci- 
dent to  news  stories  and  news  service  amounted  to  4.6  per  cent  of 
expenditures,  and  such  stories  and  service  are  credited  with  12.8  per 
cent  of  the  results. 

The  relationship  between  costs  and  results  is  best  brought  out  by 
dividing  results  by  cost.  The  quotient  expresses  the  ratio  of  returns 
to  expenditures  for  the  different  methods.  (Fig.  9.)  There  is  a  wide 
variation  in  returns  per  unit  of  cost  from  the  various  teaching  activities. 
The  news  story  yields  two  and  eight-tenths  times  the  average  returns 
per  dollar  of  expenditure  and  heads  the  list  of  means  and  agencies  in  the 
efficient  use  of  extension  funds.     (Fig.  10.)     Circular  letters,  general 
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meetings,  office  calls,  and  bulletins  are  next  in  order,  with  farm  and 
home  visits  and  method  demonstrations  and  leader-training  meet- 
ings yielding  slightly  above  average  returns  per  unit  of  cost. 

Result  demonstrations,  correspondence,  telephone  calls,  and  exten- 
sion schools  give  less  than  one-half  the  returns  for  the  same  expend- 
iture that  farm  visits  give.  Exhibits  give  lowest  returns  as  measured 
in  practices  changed  per  dollar  of  expenditure,  being  about  one-sixth 
as  efficient  as  farm  visits  and  one-fifteenth  as  efficient  as  news  service. 

To  bring  out  in  an  even  clearer  way  the  variation  in  efficiency,  the 
results  from  the  means  and  agencies  may  be  expressed  in  terms  of 
the  per  dollar  cost  of  a  practice  influenced  by  the  individual  methods. 
If  the  ultimate  objective  of  extension  is  to  bring  about  changes  in 
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Figure  10.— News  articles  are  a  cheap  means  of  extending  information,  owing  to  the  fact  that 
papers  are  widely  read  and  the  cost  of  printing  and  distributing  the  information  is  borne  by 
the  newspaper  publisher 

rural  people,  such  as  are  indicated  by  the  adoption  of  improved  farm 
and  home  practices,  then  the  average  cost  of  changing  a  practice  may 
be  determined  by  dividing  the  total  extension  expenditures  over  a 
considerable  period  of  time  by  the  total  number  of  definite  farm  and 
home  practices  changed  during  that  period  as  reported  by  extension 
workers. 

On  the  basis  of  extension  budgets  and  the  number  of  changed 
practices  reported  for  the  3-year  period  1925-1927  the  average  cost 
of  influencing  a  farmer  or  farm  woman  to  adopt  an  improved  practice 
is  $4.74.^  The  cost  of  changing  practices  by  the  different  methods 
can  be  readily  computed  from  this  average.  On  this  basis  a  practice 
changed  by  news  service  costs  $1.70,  while  a  practice  changed 
through  a  farm  visit  costs  $4.19,  or  two  and  four-tenths  times  as 
much,  and  one  changed  by  an  extension  exhibit  costs  $26.33,  or  about 
fifteen  times  as  much.  (Fig.  11.)  Some  of  the  factors  which  con- 
tribute to  these  differences  in  cost  will  be  discussed  in  detail  later. 


*  If  only  a  part  of  extension  expenditures,  say  one-half,  is  directed  toward  bringing  about  the  adoption 
of  improved  practices,  then  this  figure  would  be  reduced  accordingly.  The  exact  cost  is  not  important, 
as  it  is  the  difference  in  cost  which  it  is  desired  to  set  forth. 
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In  this  connection  it  is  well  to  call  attention  to  the  possible  inter- 
relationship of  the  various  methods,  time  distribution,  and  other 
factors  which  affect  choice  of  agencies.  Increased  expenditure  on 
news  stories  might  or  might  not  continue  to  yield  the  same  ratio  of 
return.  The  fact,  however,  that  the  rate  of  return  from  news  stories 
is  based  on  a  good-sized  expenditure  is  an  indication  that  continued 
high  returns  probably  would  result  from  reasonable  additional  invest- 
ments in  this  agency.  The  rate  of  returns  from  circular  letters,  on 
the  other  hand,  is  based  on  a  small  expenditure,  making  it  less  prob- 
able than  in  the  case  of  news  stories,  that  additional  expenditure 
would  continue  to  yield  returns  at  the  same  rate.     The  more  expen- 
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Figure  11.— Cost  of  influencing  adoption  of  practices  by  various  methods,  based  on  average 


Total  extension  budget  1925-1927 


obtaining  the  adoption  of  a  practice =^^^-j-^j^^^  of  practices  reported  adopted  1925-192 


=$4.74 


sive  methods  of  influencing  practices  may  frequently  occupy  time 
which  would  not  be  profitably  employed  otherwise.  To  teach  prop- 
erly certain  subject-matter  information  may  also  require  the  more 
expensive  means.  Efficient  use  of  time  throughout  the  year  as  well 
as  the  best  possible  use  of  a  given  unit  of  time  must  be  kept  in  mind. 
Radio  has  not  been  included  in  the  foregoing  tables  because  this 
means  of  extending  information  has  been  in  use  for  only  a  short  time 
and  the  amount  of  cost  data  available  is  limited.  Present  indica- 
tions are  that  it  will  compare  favorably  with  news  service  in  cheap- 
ness of  influencing  adoption  of  practices. 
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If  the  same  grouping  of  methods  that  was  employed  in  the  discus- 
sion of  distribution  of  extension  time  is  used,  it  is  found  that  on  an 
average,  methods  involving  the  printed  word  influence  the  adoption 
of  practices  at  the  lowest  cost  per  practice.  (Table  10.)  Meetings 
other  than  method  demonstration  and  leader  training  are  only 
slightly  more  expensive  than  the  printed  word.  Practice  changes 
influenced  through  personal-service  methods  cost  approximately  72 
per  cent  more  than  those  influenced  by  the  printed  word. 

Table  10. — Comparative  cost  of  influencing  adoption  of  practices,  by  different  groups 

of  methods 


Groups  of  methods 

Expend- 
iture 

Practices 
changed 

Ratio  of 
practices 
changed 
to  expen- 
diture 

Cost  per 
practice 
changed 

Demonstrations  (method  and  result) _.     ..      ..    

Per  cent 
41.1 

i        13.6 

12.7 
23.6 

Per  cent 
29.3 

20.8 

24.0 
25.9 

0.71 

1.53 

1.89 
1.10 

Dollars 

Leader  training-  ... 

6  68 

Exhibits                   .  .-  .     . 

Meetings    (other    than    method    demonstration    and    leader 

training) 

Radio 

3.10 

Printed  word  (news  service,  bulletins,  circular  letters,  study 
courses)           ..      

2  51 

Personal  service  (farm  or  home  visits,  office  calls,  telephone 
calls,  correspondence) . 

4  31 

The  cost  of  practice  adoption  due  to  the  influence  of  methods  in 
the  demonstration,  leader-training,  and  exhibits  groups  is  approxi- 
mately twice  the  average  cost  of  the  practice  changes  influenced  by 
the  other  three  groups. 

Demonstrations  are  unquestionably  fundamental  to  successful 
extension  teaching  as  a  means  of  establishing  local  proof  and  of 
building  confidence  in  the  recommendations  of  extension  workers. 
However,  with  more  than  40  per  cent  of  all  extension  funds  being 
expended  upon  methods  which  yield  but  half  the  results  for  the 
same  cost  as  do  all  other  methods,  on  the  average,  one  may  properly 
question  if  the  emphasis  placed  upon  result  demonstrations,  method 
demonstrations,  leader  training,  and  exhibits,  is  in  all  cases  justified. 
Possibly  the  low  returns  may  be  due  to  poorly  planned  and  executed 
demonstrations  and  exhibits,  or  to  the  use  of  these  means  when  other 
means  are  better  adapted  to  the  job  at  hand.  If  effort  now  expended 
on  low  interest-bearing  methods  can  be  reinvested  in  methods  yield- 
ing larger  returns,  then  the  sum  total  of  extension  accomplishment 
will  be  increased  thereby.  This  is  a  problem  to  which  all  extension 
workers  should  give  careful  consideration.  Unless  the  time  spent 
on  demonstrations,  leader  training,  and  exhibits  can  be  shown  to 
yield  results  which  can  not  be  measured  in  terms  of  practices 
changed,  or  if  these  means  can  not  be  made  to  yield  larger  returns 
on  the  investment,  the  question  arises  whether  part  of  the  money 
now  being  expended  on  these  means  might  not  be  directed  to  advan- 
tage into  other  channels.  The  same  test  may  well  be  applied  to  the 
individual  methods  within  each  group,  as  well  as  to  the  groups  as  a 
whole. 

It  is  of  interest  in  this  connection  to  compare  the  time  spent  on 
the  various  types  of  methods  by  extension  workers  (Tables  3  and  5) 
with  the  returns  from  groups  of  methods  indicated  above. 
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INFLUENCE  OF  METHODS  ON  COST  OF  CHANGING  PRACTICES 

With  the  most  efficient  extension  method  yielding  15  times  as  large 
returns  as  the  least  efficient  method  on  a  cost  basis,  the  other  means 
and  agencies  being  well  distributed  between  these  extremes,  it  is 
desirable  to  consider  some  of  the  reasons  for  the  high  or  low  cost  of 
influencing  adoption  of  improved  practices  by  farmers  and  farm 
women  by  the  various  methods  employed  in  extension  teaching. 
Perhaps  these  differences  are  due  to  inherent  characteristics  of  the 
methods  themselves,  or  possibly  part  of  the  costs  of  certain  methods 
are  borne  by  agencies  outside  the  extension  system. 

NEWS  SERVICE 

Farm  people  read  and  apparently  apply  what  they  learn  through 
reading.  Studies  of  representative  farms  in  three  North  Central 
States  indicate  that  79  per  cent  of  the  farmers  take  daily  papers,  and 
50  per  cent  take  county  weeklies,  while  93  per  cent  take  one  or  more 
agricultural  papers,  and  59  per  cent  of  the  farm  homes  subscribe  to 
home  economics  magazines.^  While  these  percentages  may  be  too 
high  for  the  country  as  a  whole,  it  is  evident  that  extension  news 
articles  in  the  public  press  have  an  opportunity  to  influence  large 
numbers  of  readers. 

Newspaper  editors  have  fostered  the  development  of  extension 
service  in  both  agriculture  and  home  economics.  They  have  been 
especially  interested  in  boys'  and  girls'  4-H  club  work.  Members  of 
the  extension  staff,  therefore,  have  found  that  the  newspapers  are 
willing  cooperators.  Each  State  extension  service  maintains  an 
editorial  and  news  department  which  supplies  information  for  the 
press  on  results  of  experiment  station  investigations  and  other  timely 
subject  matter  relating  to  farming  and  home  making.  In  many 
States  extension  agents  consider  it  one  of  their  regular  duties  to  pre- 
pare educational  articles  and  timely  information  for  local  papers. 
Frequently  reporters  call  regularly  at  the  county  extension  office  for 
news  material. 

The  fact  that  part  of  the  cost  of  preparing  the  news  story  and  all 
the  cost  of  its  publication  and  distribution  are  borne  by  the  publisher 
of  the  paper,  largely  accounts  for  the  small  extension  expenditure  for 
this  teaching  means,  which  is  only  4.6  per  cent  of  the  extension 
budget.  Nearly  all  ol  this  cost  is  for  time  of  extension  workers  in 
preparing  copy  for  news  articles.  Approximately  13  per  cent  of  farm 
and  home  practices  changed  due  to  extension  teaching  trace  to  the 
influence  of  news  articles  originating  with  the  extension  service. 
The  low  cost  to  the  extension  service,  combined  with  relatively  high 
returns,  accounts  for  the  news  service's  yielding  the  largest  returns 
per  unit  of  cost  of  any  extension  method.  The  cost  of  influencing  the 
adoption  of  practices  through  news  stories  is  50  per  cent  less  than  by 
any  other  extension  agency. 

It  has  been  suggested  that  news  articles  largely  relate  to  various 
extension  activities,  and  that  therefore  the  influence  credited  to  this 
means  should  more  properly  be  credited  to  the  other  means  and 
agencies.     In  a  study ^  of  nearly  2,800  news  articles  from  farm  papers, 

5  Wilson,  M.  C.    distribution  of  bulletins  and  their  use  by  farmers.    U.  S.  Dept.  Agr.,  Ext. 
Serv.  Circ.  78,  16  p.  1928.    [Mimeographed.] 

*  StEDM\N,  J.  M.      SOURCES  OF  I.\FO;iM.\TION  USED  FOR  NEWS  ARTICLES.      U.  S.  Dapt.   A^f.,  Off.  Coop  . 

Ext.  Work,  Ext.  Studies.  4  p.  [Mimeographed.] 
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county  weeklies,  and  farm-bureau  news  published  in  different  parts 
of  the  country,  it  was  found  that  49  per  cent  of  the  articles  expressed 
the  opinion  of  an  extension  agent  or  specialist,  15  per  cent  dealt  with 
the  work  of  the  experiment  station,  and  31  per  cent  related  the 
experience  of  farmers  and  farm  women.  Less  than  5  per  cent  were 
based  upon  result  demonstrations  and  what  took  place  at  a  meeting. 
Evidently  no  large  proportion  of  the  influence  of  news  stories  can  be 
credited  to  other  extension  means  and  agencies. 

CIRCULAR  LETTERS 

Extension  workers  make  rather  extensive  use  of  form  letters  to 
advertise  meetings,  call  attention  to  demonstrations  and  exhibits,  and 
to  convey  timely  information  on  farm  and  home  problems.  Consid- 
ering only  those  letters  which  give  subject-matter  information,  the 
percentage  of  funds  involved  is  very  small,  being  but  1.3  per  cent  of 
the  total  budget.  Only  0.9  per  cent  of  county  extension  workers' 
time  is  required,  the  remaining  costs  being  for  clerical  hire  and 
stationery.  Since  most  circular  letters  are  mailed  in  franked  enve- 
lopes, the  extension  service  does  not  have  to  bear  the  expense  for 
postage. 

The  total  influence  of  circular  letters  is  not  great,  only  2.3  per  cent 
of  the  practices  changed  being  influenced  by  them.  Considering  the 
very  low  cost,  however,  circular  letters  give  slightly  larger  returns  per 
dollar  invested  than  do  general  meetings,  but  they  are  considerably  less 
effective  than  news  service.  Were  the  extension  service  charged  with 
postage  on  circular  letters,  it  is  probable  that  this  means  would  come 
a  little  farther  down  the  list,  possibly  about  with  bulletins.  Circular 
letters  offer  a  cheap  means  of  reaching  large  numbers  of  people  with 
timely  information,  and  more  thought  may  well  be  given  to  their 
preparation. 

GENERAL   MEETINGS 

General  meetings  rank  third  in  efficiency  as  an  agency  through 
which  to  conduct  extension  teaching.  Under  this  term  are  included 
all  meetings  conducted  by  the  extension  service  and  all  at  which 
some  member  of  the  extension  staff  takes  part  in  the  program,  other 
than  method-demonstration  meetings,  leader-training  meetings,  and 
extension  schools.  Before  the  organization  of  the  cooperative  exten- 
sion system  meetings  were  one  of  the  chief  agencies  made  use  of  in 
acquainting  farmers  with  the  results  of  research  work  conducted  by 
the  experiment  stations.  These  early  agricultural  meetings  were 
usually  referred  to  as  ''farmers'  institutes." 

The  program  at  meetings  is  made  up  mainly  of  lectures,  though 
discussion  is  common  at  all  extension  meetings.  Even  thousrh  mini- 
mized by  some  as  a  method  of  teaching,  the  lecture  is  still  much 
used  in  extension  work.  Meetings  afford  three  distinct  advantages 
from  a  teaching  viewpoint:  Personal  contact  between  the  agent  and 
farmers,  group  reaction  and  interest,  and  an  opportunity  to  reach 
relatively  large  numbers  with  a  minimum  of  time  and  other  expense. 
(Fig.  12.)  Their  high  rank  in  efficiency  entitles  them  to  even  more 
consideration  than  has  been  given  them  in  recent  years,  especially 
from  the  standpoint  of  more  careful  planning  by  extension  workers 
and  more  thorough  preparation  by  those  taking  part  in  the  program. 
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One  serious  problem  connected  with  meetings,  particularly  agricul- 
tural meetings,  is  that  they  are  usually  held  at  night,  and  frequently 
require  an  undue  amount  of  night  work  on  the  part  of  extension 
workers.  While  it  may  be  difficult  to  break  a  fixed  habit,  it  is  felt 
that  except  during  the  rush  of  planting  and  harvesting:  seasons  many 
extension  meetings  can  be  gradually  shifted  to  the  daytime  and  be 
equally  satisfactory. 

OFFICE   CALLS 

Ofiice  calls  are  economical  of  the  extension  agent's  time;  there  is 
no  travel  cost  to  the  extension  service.  Farmers  who  call  at  the 
extension  office  come  with  definite  problems  on  which  they  are  seeking 
assistance,  and  hence  are  in  a  receptive  frame  of  mind.     These  facts 


Figure  12.— Through  a  well-organized  meeting  the  county  extension  worker  reaches  many  people, 
thereby  reducing  the  cost  per  person  reached 

probably  account  in  large  measure  for  the  effectiveness  of  office  calls 
in  bringing  about  the  adoption  of  improved  practices.  On  an  aver- 
age, office  calls  consumed  less  than  7  per  cent  of  the  extension  agent's 
and  specialist's  time.  Since  this  is  one  of  the  most  eflftcient  extension 
methods,  it  would  seem  to  be  good  judgment  to  encourage  farmers 
to  call  at  the  county  extension  office  with  their  problems  and  thereby 
reduce  the  number  of  farm  visits  by  the  extension  staff,  which  are 
costly  in  both  time  and  travel.  In  order  for  an  extension  agent  to 
build  up  his  service  through  office  calls,  however,  it  is  necessary  to 
have  the  extension  office  conveniently  located  at  some  important 
trading  or  marketing  center.   ' 

BULLETINS 

Printed  agricultural  and  home  economics  bulletins  and  circulars  are 
utilized  extensively  by  the  United  States  Department  of  Agriculture, 
the  experiment  stations,  and  the  extension  services  of  the  colleges  of 
agriculture  in  the  dissemination  of  information  on  results  of  research 
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work.  In  the  percentage  of  practices  changed,  bulletins  rank  fully  as 
high  as  office  calls  and  much  higher  than  circular  letters.  Printing 
costs  and  distribution  of  bulletins  are  relatively  high,  however,  and  for 
this  reason  bulletins  take  a  slightly  lower  position  in  rank  when  returns 
per  unit  of  cost  are  considered.  According  to  studies  herein  reported, 
the  money  spent  on  bulletins  yields  40  per  cent  his/her  returns  than  the 
average  of  all  extension  expenditures.  The  college  and  experiment 
station  publications  are  free,  as  a  rule,  to  residents  of  the  State.  A 
few  States  maintain  classified  mailing  lists,  and  their  publications  are 
sent  to  those  on  this  list  as  soon  as  printed.  They  are  also  sent  on 
request.  Many  States  send  bulletins  on  request  only.  The  latter 
plan  of  distribution  is  claimed  to  be  less  costly.  In  view  of  the  good 
results  from  bulletins  there  is  a  question  if  a  wider  distribution  of 
bulletins  than  can  be  obtained  through  request  only  is  not  desirable. 
General  mailing  lists  to  receive  all  publications  are  out  of  date,  but 
there  may  still  be  a  place  for  classified  mailing  lists  frequently  revised. 
One  of  the  most  effective  uses  of  subject-piatter  bulletins  on  agri- 
culture and  home  economics  is  in  answering  inquiries  made  by  letter, 
telephone,  and  office  calls.  The  county  extension  offices  keep  in 
stock  a  supply  of  bulletins  and  circulars  of  the  United  States  Depart- 
ment of  Agriculture  and  the  State  agricultural  colleges  and  experiment 
stations  which  are  available  for  distribution.  Thousands  are  distrib- 
uted annually  in  this  way. 

FARM  AND  HOME  VISITS 

Nearly  14  per  cent  of  all  extension  expenditures  are  chargeable  to 
farm  and  home  visits.  Farm  visits  average  to  consume  20  per  cent 
of  the  time  of  agricultural  agents,  18  per  cent  of  the  time  of  club  agents, 
and  more  than  8  per  cent  of  the  time  of  agricultural  specialists,  while 
home  visits  take  a  little  less  than  8  per  cent  of  the  time  of  home  demon- 
stration agents  and  2.5  per  cent  of  the  time  of  home  economics  special- 
ists. These  percentages  seem  rather  large  in  light  of  persistent 
efforts  on  the  part  of  State  supervisors  to  get  agents  to  reduce  the 
service  to  individuals  and  do  a  larger  part  of  their  work  with  organ- 
ized groups. 

The  heavy  cost  of  farm  and  home  visits  is  partially  offset,  however, 
by  the  large  proportion  of  results  ascribed  to  this  teaching  means,  so 
while  the  returns  per  unit  of  cost  from  farm  and  home  visits  is  not 
so  great  as  in  the  case  of  bulletins,  meetings,  and  news  service,  they 
are  still  well  above  the  average  for  all  extension  expenditures.  Farm 
and  home  visits  are  of  value  in  keeping  members  of  the  extension 
staff  intimately  acquainted  with  practical  farm  and  home  problems 
and  the  conditions  that  have  to  be  met  in  solving  these  problems. 
Extension  teaching  in  agriculture  and  home  economics  has  to  deal 
with  situations  as  they  exist,  and  hence  first-hand  observation  and 
information  are  important. 

An  agricultural  agent  in  a  county  with  2,000  or  3,000  farrners  can 
not  hope  to  serve  a  large  proportion  of  them  thr3ugh  farm  visits  but 
must  rely  upon  methods  which  will  reach  large  numbers.  Wherever 
confidence  in  the  recommendations  of  the  extension  service  has  been 
firmly  estabhshed  agents  may  well  consider  the  encoura^j^ing  of  office 
calls  and  the  placing  of  more  emphasis  on  means  which  reach  more 
people  with  a  corresponding  reduction  in  the  time  devoted  to  farm 
and  home  visits. 
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METHOD  DEMONSTRATIONS  AND  LEADER  TRAINING 

Much  of  the  training  of  local  leaders,  particularly  in  home  demon- 
stration work,  has  consisted  in  teaching  leaders  to  repeat  method 
demonstrations.  The  cost  of  method  demonstrations  and  the  cost  of 
training  local  leaders  have  been  combined,  since  the  results  include 
those  from  method  demonstrations  ^iven  by  both  local  leaders  and 
extension  workers.  Many  State  supervisors  of  home  economics 
specialists  and  of  county  home  demonstration  ag^ents  are  positive  in 
their  belief  that  this  use  of  local  leaders  is  the  most  effective  way  to 
reach  the  mass  of  the  people.  The  data  obtained  in  this  study  do 
not  seem  to  justify  this  belief,  as  the  results  credited  to  leader-training 
and  method-demonstration  meetings  are  only  about  average  for  all 
extension  costs  and  somewhat  less  than  the  returns  per  unit  of  cost 
from  farm  or  heme  visits.  This  fact  does  not  mean  that  the  whole 
plan  of  interesting  local  people  to  assist  in  forwarding  the  extension 
program  is  a  failure.  The  reason  for  the  high  cost  of  changing 
practices  through  teaching  Iccal  leaders  to  repeat  demonstrations  is 
doubtless  due  to  the  small  number  of  persons  reached  by  local  leaders. 
Although  there  is  occasional!}"  an  exceptional  local  leader  who  serves 
the  community  well,  the  great  majority  of  them  influence  but  a  few 
of  their  friends  and  neighbors,  and  the  community  as  a  whole  is  not 
reached.'^ 

The  extension  specialist  frequently  teaches  subject  matter  to  a  few 
of  the  most  interested  local  leaders  and  neglects  the  much  more 
difficult  task  of  bringing  the  rank  and  file  to  an  appreciation  of  the 
need.  The  local  leader,  as  a  contact  person  and  as  a  cooperator  in 
building  community  interest  and  in  bringing  the  services  of  the 
extension  staff  to  the  community,  is  of  valuable  assistance  to  the 
extension  service.  This  kind  of  assistance  fully  justifies  the  continua- 
tion and  futher  development  of  the  local  leadership  plan  of  organiza- 
tion in  extension  education.  The  teaching  of  technical  subject  matter 
is  in  most  cases  the  job  of  those  trained  in  subject  matter  and  teaching 
methods.  But,  for  possibly  smaller  attendance,  there  would  seem 
to  be  no  good  reason  why  method  demonstrations  given  by  extension 
workers  should  not  yield  as  high  returns  per  unit  of  cost  as  do  gen- 
eral meetings. 

RESULT  DEMONSTRATIONS 

The  demonstration  method  of  teaching  has  been  held  to  be  funda- 
mental by  extension  workers  in  agriculture  and  home  economics. 
Extension  workers  generaly  have  emphasized  result  demonstrations  as 
evidenced  by  the  fact  that  more  than  17  per  cent  of  all  extension 
money  is  charged  to  this  means.  It  is  disturbing  therefore  to  learn 
that  this  method  apparently  does  not  influence  the  adoption  of  so 
many  practices  per  unit  of  time  and  cost  as  do  many  of  the  other 
means  and  agencies.  In  fftct,  on  the  basis  of  cost  the  returns  from 
result  demonstrations  are  less  than  half  those  from  method  demon- 
strations and  leader  training,  previously  discussed. 

Result  demonstrations  are  primarily  concerned  with  the  establish- 
ment of  local  proof  of  the  desirability  of  a  recommended  practice. 
They  increase  the  confidence  of  the  extension  worker  in  the  practice 

7  Baker,  U.  J.,  and  Wilson,  M.  C.    local  leadership  and  the  effectiveness  of  extension  work 

IN  reaching  rural  people,  a  study  of  247  LOCAL  EXTENSION  LEADERS,  621  FARMS,  AND  210  VILLAGE 
homes  IN  MIDDLESEX,  MERCER,  AND  MORRIS  COUNTIES,  NEW  JERSEY,  1925.  N.  J.  Agr.  Col.  Ext.  Bul.  50, 
48  p.,  illus.     1926. 
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and  of  the  farmer  and  the  farm  woman  in  both  the  worker  and  the 
practice.  During  the  early  years  of  extension  work  farmers  and  farm 
women  had  to  be  convinced  that  extension  workers  were  practical. 
The  result  demonstration  met  this  situation.  It  was  unquestionably 
one  of  the  most  convincing  arguments  employed.  Now  that  the 
cooperative  extension  system  has  become  well  established  and  farmers 
have  acquired  confidence  in  the  advice  of  members  of  the  extension 
staff,  it  is  probable  that  result  demonstrations  are  less  important. 
They  are  probably  of  greatest  value  in  introducing  newer  lines  of 
extension  work  into  a  given  area. 

Without  doubt,  result  demonstrations  are  one  of  the  most  expen- 
sive methods  of  teaching,  involving  a  large  amount  of  time  of 
extension  workers  in  selecting  the  demonstrator,  starting  the  demon- 
stration, supervising  it  throughout  the  season,  and  seeing  that  it  is 
properly  completed  and  that  data  on  yield  are  obtained.  The  small 
direct  influence  of  demonstrations  is  due  to  many  poor  demonstrations 
and  to  the  small  number  of  people  brought  into  direct  contact  with 
the  ones  which  are  convincing.  The  already  high  cost  of  result 
demonstrations  is  still  further  increased  by  the  demonstrations  started 
but  not  completed,  by  those  which  fail  to  convince,  by  needless 
duplications  of  demonstrations,  and  by  the  tendency  of  many  exten- 
sion workers,  particularly  in  the  agricultural  field,  to  conduct  field 
tests  or  experiments  under  the  guise  of  result  demonstrations. 

In  the  discussion  of  news  service  it  has  been  pointed  out  that  only 
a  very  small  part  of  the  influence  of  news  articles  can  be  credited  to 
result  demonstrations. 

CORRESPONDENCE 

A  letter  asking  for  information  should  be  answered  promptly.  It 
is  apparent  that  neither  farmers  nor  home  makers  in  large  numbers 
are  inclined  to  seek  aid  in  the  solution  of  their  problems  through 
correspondence.  In  answering  requests  for  information  the  extension 
worker  frequently  sends  a  bulletin  or  form  letter. 

TELEPHONE  CALLS 

The  telephone  is  a  necessary  modern  means  of  transacting  business. 
Relatively  little  subject-matter  information  is  given  over  the 
telephone.  Most  calls  relate  to  arrangements  for  meetings,  demon- 
strations, exhibits,  appointments  for  office  calls  and  farm  visits,  and 
similar  activities. 

EXTENSION   SCHOOLS 

Any  means  of  giving  rather  systematic  instruction  to  small  groups, 
which  involves  the  personal  attendance  of  a  number  of  extension 
workers,  is  necessarily  expensive.  Other  methods  have  largely  sup- 
planted the  extension  schools,  although  t]^ej  are  still  used  for  special 
teaching  jobs  like  the  repairing  of  tractors. 

EXHIBITS 

Extension  exhibits  consume  considerable  time  of  all  the  different 
groups  of  extension  workers,  varying  from  3.64  per  cent  for  county 
agricultural  agents  to  9.36  per  cent  for  boys'  and  girls'  club  agents. 
In  addition  to  time  costs  there  is  also  expense  for  materials.  Most 
people  go  to  fairs  for  recreation,  not  for  information.     The  exhibit  as 
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an  extension-teaching  device  seems  to  be  the  least  effective  of  all  the 
means  and  agencies  employed.  It  may  have  other  value,  however, 
in  popularizing  extension  work  and  developing  the  good  will  of  various 
cooperating  agencies. 

SUMMARY 

Data  are  presented  showing  the  percentages  of  extension  funds  of 
17  States  being  expended  upon  the  various  means  and  agencies 
employed  in  extension  teaching.  For  the  first  time  it  is  possible  to 
consider  the  returns  from  various  types  of  teaching  effort  in  the 
light  of  costs. 

Time  of  extension  workers  constitutes  the  largest  cost  item  and 
has  a  close  relationship  to  total  costs  of  extension  methods.  The 
time-distribution  standards  set  up  for  the  different  groups  of  extension 
workers  should  prove  of  great  assistance  to  supervisory  officers  and 
to  individual  workers. 

Measured  in  terms  of  changes  in  farm  and  home  practices,  there 
is  a  wide  range  in  effectiveness  of  teaching  means  and  agencies  from 
a  cost  standpoint.  The  cheapest  means  of  influencing  the  adoption 
of  improved  practices  is  the  news  service,  which  yields  fifteen  times 
the  results  per  unit  of  expenditure  yielded  by  extension  exhibits. 
Other  methods  yielding  above  average  returns  per  unit  of  expenditure 
are  circular  letters,  office  calls,  general  meetings,  bulletins,  and  farm 
and  home  visits. 

Considering  types  of  methods,  the  printed  word,  gives  largest 
returns  per  unit  of  cost,  followed  by  meetings  other  than  method 
demonstration  and  leader  training,  and  by  personal-service  methods. 
The  cost  of  influencing  adoption  of  practices  by  means  of  objective 
methods  Hke  method-and-result  demonstrations,  leader-training 
meetings,  and  exhibits  is  approximately  twice  that  of  the  printed 
word,  meetings,  or  personal  service  methods. 

Although  local  conditions  may  make  it  necessary  to  employ  a  more 
expensive  means  in  order  to  accomplish  the  desired  result  it  is  fre- 
quently possible  to  substitute  an  equally  effective,  but  less  expensive, 
means  and  thereby  save  time  and  money.  Each  particular  task  to 
be  undertaken  should  be  analyzed,  and  the  means  and  agencies  should 
be  selected  which  will  do  the  work  most  effectively  considering 
expected  results  and  estimated  costs. 

Without  attempting  to  prescribe  the  optimum  percentages  of  funds 
which  should  be  expended  on  the  different  extension-teaching  means, 
a  basis  is  provided  for  more  intelligent  direction  of  extension  effort. 
Progress  in  extension  teaching  depends  to  a  very  great  extent  upon 
wise  use  of  time  by  individual  workers.  Even  the  least  effective 
teaching  method  will  enlarge  the  total  of  extension  accomplishment 
if  it  occupies  time  not  otherwise  profitably  employed. 


APPENDIX 


FORMS  USED  IN  COLLECTING  DATA 

[Obverse  side  of  form  used  in  listing  time  distribution  of  county  and  State  workers^ 


State.. - 
County. 


Percentage  distribution  of  time  and  travel  last  year  to  various  extension  methods' 

Extension  service  staff 


Method 

Per  cent  of 

agents'  or 

specialists' 

time 

Per  cent  of 

assistants' 

time 

Per  cent 
time  of 
clerks 

Per  cent  of 
travel 

1.  News  service 

2.  Bulletins 

xxxxxxx 

3.  Method  demonstration  meetings  . 

4.  Adult  result  demonstrations .... 

5.  Junior  result  demonstrations 

6.  Farm  or  home  visits 



7.  Office  calls 

xxxxxxx 

8.  Telephone  calls 

xxxxxxx 

9.  Correspondence ..     ...     .  

xxxxxxx 

10.  Circular  letters 

xxxxxxx 

11.  Extension  schools 

12.  Local  leader  training.. 

13.  Other  meetings 

14.  Study  or  correspondence  courses  . 

15.  Exhibits...     ...  .. 

16.  Radio 

17.  Other  activities 

... 

Total 

100 

100 

100                       10^ 

To  be  filled  in  by  State  office: 

Salary  of  extension  agent  or  specialist  last  year $. 

Salary  of  assistant  last  year $. 

Total  cost  of  clerical  help  last  year $. 

Total  cost  of  travel  last  year — agent  or  specialist  and  assistants. .$.. 

Total  other  costs  last  year $_ 

(Telephone,  postage,  rent,  office  supplies  etc.) 

Total  expenditures  last  year .$ . 

Name  of  agent  or  specialist Line  of  work 


[Reverse  side  of  form  used  in  listing  time  distribution  of  county  and  State  workers] 

Indicate   percentage   of   correspondence,  telephone   calls,  and   circular   letters  relating   to  the  various'. 

extension  methods 


Method 

Per  cent 
corre- 
spondence 

Per  cent 

telephone 

calls 

Per  cent 
circular 
letters 

News  service 

Bulletins  and  circulars ..                   '.  _  ..  

Method  demonstration  meetings                                                             i 

Adult  result  demonstrations .,  ' 

Junior  result  demonstrations                                                                           ... 

Farm  or  home  visits 

_. 

Local  leader  training 

Other  meetings                .,     ..           ...          ... 

Study  courses                                                                                  .       

Exhibits 

Other                                                                                                          '                    .                

Total                                                                  -. 

100 

100 

100- 

, 

Estimated  cost  last  ye;  r  of  stationery  and  other  supplies  incident  to- 
Correspondence    - ?- 

Circular  letters $. 

Estimated  cost  last  year  of  postage  for— 

Correspondence $ 

Circular  letters --$- 

Cost  of  telephone  for  last  year — $. 
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DIRECTIONS    FOR    FILLING    OUT    COST    DISTRIBUTION    BLANK 

1.  News  service:  Include  time  spent  in  preparing  news  material  for  local, 
county,  and  State  papers,  news  columns,  farm  bureau  papers,  interviewing 
editors,  ^tc. 

2.  Bulletins:  Include  all  time  spent  in  writing  bulletins  and  circulars  and  in 
distributing  them  whether  through  mail,  or  in  connection  with  meetings,  office 
calls,  and  the  like. 

3.  Method  demonstration  meetings:  Include  Yime  spent  in  preparing  and 
conducting  method  demonstrations. 

4.  Adult  result  demonstrations:  Include  time  spent  in  selecting  demonstrators, 
locating  materials,  keeping  records,  supervising  and  carrying  out  demonstrations. 
Do  not  include  time  spent  in  holding  field  meetings  at  result  demonstrations,  as 
this  should  be  included  under  "other  meetings"  listed  below. 

5.  Junior  result  demonstrations:  Include  time  spent  in  enrolling  club  mem- 
bers, arranging  for  materials  and  in  supervising  the  home  project  work  of  the 
boys  and  girls  conducting  result  demonstrations.  Time  spent  on  other  phases 
of  club  work  should  be  included  under  proper  heading  as  exhibits,  method 
demonstrations,  meetings,  and  the  like. 

6.  Farm  or  home  visits:  Include  all  time  spent  on  farm  or  home  visits  except 
those  in  connection  with  arrangements  for  meetings,  and  demonstrations. 

7.  Office  calls:  Include  all  calls  not  primarily  concerned  with  bulletin  distribu- 
tion, arrangements  for  meetings,  and  the  like. 

8.  Telephone  calls:  Include  all  time  consumed  by  in  and  out  calls. 

9.  Correspondence:  Include  all  time  devoted  to  correspondence. 

10.  Circular  letters:  Include  time  spent  in  preparing  and  mailing  circular 
letters. 

11.  Extension  schools:  All  time  consumed  by  preparation  and  arrangements 
and  in  holding  extension  schools  should  be  included. 

12.  Local  leader  training:  Include  all  time  spent  in  securing,  training,  and 
following  up  local  leaders. 

13.  Other  meetings:  Include  time  spent  on  preparation  and  arrangements  as 
well  as  in  the  conduct  of  all  meetings  except  method  demonstration  meetings, 
leader  training  meetings,  and  extension  schools. 

14.  Study  or  correspondence  courses:  Include  time  spent  in  planning  courses, 
securing  enrollments,  correcting  papers,  and  general  supervision. 

15.  Exhibits:  Time  spent  in  planning  exhibits,  in  collecting  materials,  putting 
up  and  taking  down  exhibits,  judging  exhibits,  and  the  like,  should  be  included. 

16.  Radio:  Include  time  spent  in  preparing  talks,  broadcasting,  and  traveling 
to  and  from  stations. 

17.  Other  activities:  Include  all  time  spent  on  reports  to  central  office, 
State  and  district  conferences  and  general  routine  not  applicable  to  methods 
listed  above. 

DISTRIBUTION    OF    COSTS    LAST    YEAR 
College  and  experiment  station  staff 


Cost  of 
time  of 
resident 
teachers 

and 

research 

staff 

Travel 
cost 

Clerical 
cost 

Other 

costs 

Fanners'  meetings                                                                 - 

$ 

$ 

$ 

$ 

Popular  bulletins  and  circulars                           --    

Exhibits                                                

Correspondence  giving  subject-matter  information  to  farmers.. 

Total                                        --- 

$ 

$ 

$ 

$ 

Meetings:  Include  time  devoted  to  preparation  of  addresses  and  tima  spsat  attending  all  farmers, 

meetings. 
News  service:  Include  time  spent  in  preparing  news  material  for  local,  county  and  State  papers,  news 

columns,  farm  bureau  papers,  etc. 
Popular  bulletins  and  circulars:  Time  spent  in  preparation  of  popular  bulletins  and  circulars  issued  by 

the  Experiment  Station,  for  distribution  to  farmers  and  also  in  preparation  of  Extension  publications. 
Exhibits:  Time  spant  in  planning  exhibits,  in  collecting  materials,  putting  up  and  taking  down  exhibits, 

judging  exhibits,  and  the  like,  should  be  included. 
Correspondence:  Answers  to  subject-matter  inquiries  from  farmers  only. 

Note.— Members  o'  the  resident  teaching  staff  and  Expsrimeat  Station  workers  who  ara  part-time 
extension  specialists  should  fill  out  the  regular  extension  service  staff  blank. 
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INTRODUCTION 

Wool  is  one  of  the  major  commodities  in  the  economic  life  of  the 
United  States  as  well  as  of  the  world.  Not  only  has  the  last  century 
seen  great  improvements  in  methods  of  breeding  and  production,  but 
it  has  also  witnessed  the  complete  transformation  of  methods  of 
marketing  in  the  great  wool-producing  countries  of  the  world.  Dur- 
ing this  time,  four  great  sheep  and  wool  producing  regions  were  de- 
veloped, and  these  have  become  the  great  factors  in  the  industry. 
These  countries  are  Australia,  the  United  States,  the  South  American 
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republics,  and  the  Union  of  South  Africa.  Australia  and  New  Zea- 
land have  been  conspicuously  successful  in  production  of  the  finer 
grades  of  wool  and  in  grading  and  marketing  their  product.  South 
Africa  is  producing  large  quantities  of  wool  for  export  and  is  rapidly 
improving  its  product  along  the  lines  followed  in  Australia. 

The  Division  of  Cooperative  Marketing,  as  a  part  of  its  program 
of  research  in  the  cooperative  marketing  of  wool  and  at  the  request 
of  some  30  leading  cooperative-marketing  associations,  made  a  study 
of  wool  marketing  in  Australia,  New  Zealand,  the  Union  of  South 
Africa,  England,  and  France  in  1927-28.^ 

A  survey  was  made  of  the  methods  of  flock  management  for  the 
purpose  of  wool  production,  of  the  preparation  of  the  clip  for  market, 
and  of  the  marketing  practices  in  these  countries.  Special  attention 
was  given  to  the  shearing  of  the  fleece,  the  manner  in  which  it  is 
handled,  graded,  and  stored,  and  the  system  of  centralizing  the  prod- 
uct for  shipment  to  the  large  markets,  with  a  view  to  obtaining  in- 
formation which  can  be  applied  to  improving  the  marketing  of  wool 
in  this  country.     This  bulletin  is  based  upon  analysis  of  these  data. 

There  is  a  decided  similarity  in  the  initial  development  of  the  re- 
spective sheep  industries  in  these  four  chief  wool-producing  countries. 
In  three  of  them — Australia,  South  America,  and  South  Africa — 
further  expansion  continues  along  somewhat  parallel  lines.  In  these 
three  countries  wool  producers  have  been  obliged  to  depend  to  a  great 
extent  on  other  countries  for  the  consumption  of  their  product.  All 
four  countries  have  enjoyed,  until  recent  years,  the  advantages  of 
great  areas  of  grazing  land  at  very  low  cost.  Recent  agricultural 
development  in  all  of  the  countries  has  forced  the  sheep  farmer  back 
to  less  desirable  lands  or  compelled  him  to  assume  higher  costs  in 
production,  a  condition  which  is  reflected  either  in  decreased  num- 
bers of  sheep  or  in  more  efficient  breeding,  production,  or  marketing 
methods. 

In  the  United  States  the  wool  producer  has  always  had  the  benefit 
of  a  home  market  for  his  wool.  In  the  beginning  of  the  expansion 
period  in  the  sheep  industry  this  term  "  home  "  was  a  literal  one,  for 
the  small  cloth  mills  followed  the  trail  of  the  sheep  as  they  pushed 
westw^ard  over  the  Allegheny  Mountains,  across  the  Mississippi  Val- 
ley, until  they  began  to  climb  the  high  plateau  region  of  the  West. 

The  inauguration  of  transportation  systems,  however,  enabled  the 
mill  owner  to  obtain  his  product  with  greater  ease,  so  he  turned  to 
the  consideration  of  other  factors  having  a  bearing  on  his  business, 
such  as  cheap  power,  available  labor  supply,  and  proximity  to  mar- 
keting centers,  with  the  result  that  the  middle  of  the  nineteenth 
century  saw  the  swing  of  the  mills  eastward,  while  sheep  movement 
continued  westward.  The  smaller  mills  consolidated  their  plants  and 
became  large  industrial  units.  The  sheepman  remained  an  indi- 
vidual producer,  and  the  opportunity  arose  for  the  commission  man 
and  later  the  wool  buyer  to  develop  the  business. 

The  change  from  mill  agent  to  commission  broker  and,  later,  to 
buyer  was  so  gradual  that  apparently  many  wool  producers  were 

iThis  study  was  made  by  Mr.  Walker,  ^ho,  as  the  department  representative,  visited 
the  countries  studied  and  obtained  data  from  Governm(-nt  a^'encies,  from  cooperative- 
marketinj?  organizations  and  wool-brokerage  concerns,  and  through  personal  interviews 
with  breeders)  and  other  leaders  of  thei  wool  industry.  In  addition,  the  survey  included 
rather  extensive  travel  through  the  wool-producing  sections  in  order  to  observe  personally 
the  conditions  which  might  have  a  direct  or  indirect  bearing  on  the  marketing  situation. 
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not  aware  of  it  or  of  its  possible  effects  on  their  market.  The  fact 
that  they  had  a  home  demand  for  their  product  seemed  all  that  was 
needed.  Whether  the  American  wool  grower  would  have  been  con- 
tent to  follow  this  changed  system  of  marketing  had  he  been  de- 
jDendent  upon  an  overseas  market  for  the  sale  of  his  wool  is  purely  a 
matter  of  speculation.  Other  wool-producing  countries  have  been 
forced  to  adopt  different  methods  in  order  to  survive. 

The  purpose  of  this  study  is  to  discover,  if  possible,  whether  these 
methods  of  marketing  have  resulted  in  advantages  to  the  producers 
in  those  countries.  No  attempt  has  been  made  to  recommend  the 
extent  to  which  these  methods  should  be  applied  to  the  marketing  of 
the  American  clip.  Alterations  in  marketing  methods  should  be 
made  only  after  careful  study  of  individual  situations  by  those  whose 
interests  are  involved.  It  is  believed,  however,  that  the  practices 
of  wool  producers  in  the  countries  studied  are  worthy  of  considera- 
tion by  American  wool  growers. 

AUSTRALIA 

Australia  is  the  leading  wool-producing  country  of  the  world,  not 
only  in  volume  but  in  producing  a  high-quality  product.  Other 
countries  may  and  do  produce  wool  of  equal  value  but  not  to  the 
extent  that  Australia  does.  It  is  generally  conceded  by  those  best 
informed  that  about  35  per  cent  of  the  world's  total  wool  production 
of  approximately  3,000.000,000  (15,  p.  1135)'^  pounds  can  be  classed 
as  carpet  or  unimproved  wool.  Of  the  wool  which  remains,  which  is 
manufactured  into  cloth  for  garments  and  other  such  products,  Aus- 
tralia produces  855,000.000  pounds  (i,  p.  281),^  or  about  40  per  cent 
of  this  kind  of  wool.  The  importance  of  the  Australian  wool  clip  on 
the  world's  market  and  its  possibilities  for  expansion  are,  thereiore, 
of  great  interest  to  the  American  wool  producer. 

Preliminary  reports  of  the  statistical  divisions  of  the  various  State 
governments  of  Australia,  on  sheep  population  in  that  country  show 
that,  in  1927,  accordinfj:  to  the  best  figures  available,  the  distribution 
by  States,  was  approximately  as  follows:  New  South  Wales,  54,500,- 
000  head;  Queensland,  lT,5r5o,000;  Victoria,  16,000,000;  West  Aus- 
tralia, 8,000,000;  South  Australia,  7,500,000;  and  Tasmania,  1,500,000. 

These  figures  show  a  decided  increase  over  those  for  1926,  partly  be- 
cause of  a  new  method  of  obtaining  estimates.  In  New  South 
Wales  and  Victoria  the  latest  estimates  of  the  Government  bureaus 
of  statistics  as  to  the  number  of  sheep  are  based  on  the  volume  of 
wool  coming  from  these  two  States.  Queensland  has  been  suffering 
from  a  drought  for  about  four  years,  so  that  the  sheep  population 
shows  a  decrease.  It  is  stated  that  when  final  reports  are  made  for 
1927  West  Australia  will  probably  show  an  increase  over  even  the 
revised  estimates,  as  this  State  has  been  expanding  sheep  holdings 
very  rapidly  Avithin  the  last  three  or  four  years. 

For  many  years  statistics  have  been  based  on  the  reports  of  sheep 
farmers,  and  it  is  only  since  1926  that  a  check  has  been  made  on  re- 
ceipts of  wool  as  compared  with  number  of  sheep  reported  on  the 

2  Reference  is  made  by  italic  fiffiires  in  parentlioses  to  "  Literature  cited,"  p.  9.S. 

'  Historical  data,  except  as  noted,  were  obtained  from  "  The  Sheep  and  Wool  Industry 
of  Australia,"  Henry  B.  Smith  (AJ),  and  from  an  address  by  Senator  Guthrie  (8),  of 
Geelong,  before  the  Royal  Historical  Society. 
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farms.     Under  date  of  February  15,  1927,  the  followin<2^  statement 
was  issued  by  the  Bureau  of  Statistics  of  New  South  Wales: 

The  Statisticians  of  Australia  liave  been  faced  for  some  years  witli  tlie  prob- 
lem of  tlie  discrepancy  between  tlie  total  wool  production  as  recorded  in  the 
returns  of  landholders  and  manufacturers  and  the  total  quantity  sent  forward 
for  disposal  (export  and  local  manufacture). 

The  matter  was  brought  forward  by  the  Commonwealth  Statistician  (Mr. 
C.  H.  Wickens)  at  the  Conference  of  Statisticians  held  in  Adelaide  in  1924, 
and  it  was  resolved  that  each  Statistician  should  investigate  the  matter  in 
his  State. 

The  absence  of  records  of  interstate  trade  in  wool  rendered  the  task  particu- 
larly difficult  until  the  requisite  data  were  obtained  by  courtesy  of  the  Victorian 
railway  authorities  and  the  transport  companies  operating  on  the  Murray  River. 

Investigations  in  certain  States  have  been  completed,  showing  that  the  land- 
holders' returns  were  understated,  and  inquiries  are  in  progress  in  other  States. 

The  results  obtained  for  New  South  Wales  are  summarized  in  the  accompany- 
ing statement  and,  though  it  is  unsatisfactory  to  learn  that  landholders'  returns 
are  so  defective,  good  results  have  been  obtained  by  the  discovery  of  means  to 
supply  official  statistics  more  promptly  and  more  accurately  than  was  possible 
heretofore. 

Although  there  may  be  some  controversy  as  to  the  number  of 
sheep  in  Australia,  it  is  stated  by  Dalgety  that  the  1926-27  clip 
totaled  855,000,000  (6,  p.  160)  pounds,  and  official  estimates  have 
placed  the  total  at  898,000,000  {18,  p.  11)  pounds.  The  1927-28  clip,, 
produced  under  drought  conditions,  is  estimated  by  members  of  the 
trade  at  800,000,000  (17,  p.  11)  pounds.  These  figures  are  sufficient 
to  establish  Australia's  importance  in  the  world's  wool  market  and 
to  emphasize  the  need  for  study  of  methods  of  marketing  and  pro- 
duction in  that  country. 

HISTORY  AND  DEVELOPMENT  OF  THE  SHEEP  INDUSTRY^ 

Sheep  were  first  introduced  into  Australia  in  1788.  These  were 
fat-tailed  sheep,  natives  of  the  Cape  of  Good  Hope,  whence  they 
were  imported.  The  wool  was  more  nearly  hair,  and  the  sheep  were 
valuable  only  for  mutton. 

In  1789  Capt.  Henry  Waterhouse  was  sent  from  Australia  by  the 
Government  authorities  to  secure  some  sheep.  He  was  fortunate  in 
obtaining  some  32  head  of  Merinos  in  South  Africa,  originally  im- 
ported from  Spain,  and  he  succeeded  in  landing  29  of  them  in 
Australia. 

This  shipment  was  divided  among  several  people,  among  them 
Captain  MacArthur  and  the  Rev.  Samuel  Marsden.  Both  of  these 
men  realized  the  possibilities  of  the  breed  for  fine  wool  produc- 
tion, and  to  their  energy  and  support  the  foundation  of  the  present 
sheep  industry  in  Australia  can  be  credited. 

The  industry  has  made  tremendous  growth.  At  the  beginning  of 
the  eighteenth  century  there  were  less  than  3,000  head  of  sheep  in 
the  country;  in  1927  the  sheep  population  was  105,000,000  (Table  1)„ 
and  Australia  was  the  leading  wool-producing  country  of  the  world. 
Over  half  of  the  above  number,  some  54,500,000  head,  are  to  be  found 
in  New  South  Wales,  the  original  place  of  introduction. 

Following  the  original  Merino  importation  from  South  Africa, 
further  importations  were  made  from  the  Merino  flock  of  the  King 

'  Historical  data,  except  as  noted,  were  olrtained  from  "  The  Sheep  and  Wool  Industry 
of  Australia,"  Henry  R.  Smith  (13),  and  from  an  address  by  Senator  Guthrie  (8),  of 
Geelong,  before  the  Royal  Historical  Society, 
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of  England  at  Kew,  and  later  drafts  were  made  from  France  and 
Germany. 

As  there  were  no  factories  in  the  country,  the  wool  was  all  shipped 
to  England.  There  it  was  pronounced  to  be  of  the  best  quality,  and 
it  commanded  top  market  prices.  This,  together  with  the  almost 
unlimited  grazing  areas  which  could  be  purchased  or  leased  at  very 
low  prices,  furnished  an  impetus  for  sheep  production  until,  in  1842, 
the  number  of  sheep  in  Australia  reached  6,312,604  head.  This 
marked  the  first  peak.  A  slump  in  wool  prices  was  then  in  progress, 
and  a  decided  reduction  in  number  of  sheep  followed.  Sheep  that 
could  have  been  sold  earlier  at  around  $20  per  head  were  offered  at 
50  to  75  cents,  and  the  carcasses  were  boiled  down  for  their  tallow. 

In  1845  the  wool  market  was  better,  and  once  more  pastoral  con- 
ditions became  profitable.  This  led  to  the  importation  in  large  num- 
bers of  sheep  from  Saxony  and  France,  from  which,  with  a  later 
introduction  of  American  Merinos,  the  present  Australian  Merino 
has  been  largely  developed. 

By  the  year  1860  Australia  was  carr^^ing  23,000,000  sheep,  which 
produced  88,000,000  pounds  of  wool.  Explorations  and  the  open- 
ing up  of  the  country  lying  west  of  the  eastern  mountain  slopes 
caused  this  number  to  be  almost  doubled  during  the  succeeding  10 
years,  and  the  1870  census  showed  41,000,000  head  and  a  production 
of  242,000,000  pounds  of  wool.  A  tabulation  of  figures  for  approxi- 
mately 10-year  periods,  as  available  (Table  1),  shows  the  growth  of 
the  industry. 


Table  1. 


Number  of  sheep  and  wool  production,  in  Australia,  s€!lected  years, 
1800-1927 


Year 

Sheep 

Wool 
produced 

Year 

Sheep 

Wool 
produced 

1800 

Number 

5,000 

34,000 

156,000 

6,000,000 

16, 000, 000 

23,000,000 

41,000,000 

Pounds 

1880              .          -     . 

Number 
78,000,000 
106, 000, 000 
93, 000, 000 
93,000,000 
103, 000, 000 
105, 000, 000 

Pounds 
393, 000, 000 

1810 

1891 

487, 000, 000 

1820 : 

1910 

761, 000, 000 

1840 

1925 

830,000,000 

1850.    _ 

55,000,000 
88,000,000 
242, 000, 000 

1926. 

855, 000, 000 

1860- 

1927 

'  720, 000, 000 

1870 

Data  for  years  1800-1820  and  1860-1891  are  from  an  address  by  Senator  Guthrie,  of  Qeelong  (8).  Data 
for  years  1840-1850  are  from  Bruni's  "Australian  Merino  Studs"  (5)  (now  out  of  print).  Data  for  years 
1910-1927  were  obtained  from  statistics  in  offices  of  the  Australian  Government,  unless  otherwise  noted. 

*  Estimated  by  members  of  trade  (1,  p.  282). 

The  peak  in  number  of  sheep  was  reached  in  1891,  followed  by 
a  sharp  decrease  due  to  extreme  drought  conditions  and  low  wool 
prices,  with  a  recovery  in  1927  to  almost  the  record  number  when 
again  drought  conditions  were  being  faced.  A  comparison  of  wool 
yields,  however,  shows  that  yield  of  wool  per  head  has  been  nearly 
doubled  since  1891.  Although  the  1927  clip  was  estimated  as  lighter 
than  the  1926  clip  by  nearly  100,000,000  (7,  p.  282)  pounds,  because  of 
drought,  the  fact  that  the  wool  has  increased  in  weight  from  4.6 
pounds  per  head  in  1891  to  8.3  pounds  per  head  in  1926  speaks 
well  for  the  Australian  sheep  breeder.  The  further  fact  that  this 
wool  carries  from  10  to  20  per  cent  less  shrink  than  American  wool 
speaks  better  still  for  the  Australian  breeder,  as  from  9  to  10  pounds 
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of  the  American  clip  would  be  required  to  equal  in  clean  wool  the 
Australian  8-pound  fleece. 

The  often-quoted  expression,  "  Climatic  conditions  are  largely  re- 
sponsible for  Australia's  light  shrink  and  good  weight  of  wool,"  will 
not  stand  in  the  light  of  the  facts  in  the  case.  Certainly  the  climate  is 
the  same  as  35  years  ago,  and  the  feed  no  better.  The  explanation 
lies  largely  in  better  selection  of  stock,  rigid  culling,  and  selling 
each  producer's  clip  of  wool  on  its  individual  merits.  The  heavy- 
yolked  sheep  imported  to  Australia  from  Vermont  imparted  this 
quality  to  their  offspring,  and  it  was  even  intensified.  At  Coonong 
station  in  1903  a  record  of  some  1,660  ewes  of  pure  Vermont  breeding 
showed  an  average  fleece  weight  of  20  pounds,  the  lowest  being  15 
pounds  and  the  highest  35  pounds,  and  800  rams  of  similar  breeding 
clipped  from  24  pounds  to  54  pounds  (5).  This  wool  was  described 
by  one  who  saw  it  as  being  grease  with  sufficient  wool  to  hold  it  in 
suspension. 

The  fact  that  the  Australian  flockmaster  has  not  hesitated  to  avail 
himself  of  any  new  Merino  blood  or  even  to  step  outside  the  breed, 
if  necessity  arose,  to  secure  those  things  he  deemed  essential  in  pro- 
ducing a  sheep  that,  as  he  expresses  it,  "  will  fill  the  bale  and  fatten 
the  bank  balance,"  and  a  rigorous  selection  of  the  type  best  per- 
forming this  function  are  responsible  for  the  present  type  and  quality 
of  his  clip. 

CLIMATIC  INFLUENCES 

Australia  is  situated  mostly  in  the  South  Temperate  Zone  and  has 
a  fairly  mild  climate.  Its  northern  shores  are  in  tropic  and  semitropic 
zones  and  are  generally  not  suited  for  sheep  raising.  A  chain  of 
mountains  extending  fairly  well  from  north  to  south  on  the  eastern 
side  of  the  continent  affords  the  only  elevation  of  any  height.  These 
mountains  extend  back  from  the  coast  some  150  to  300  miles  and 
end  in  a  table-land  which  drops  gradually  toward  the  west.  The 
eastern  slopes  are  fairly  well  watered.  The  rainfall  in  the  table-lands 
is  about  25  inches  a  year  and  gradually  diminishes  as  one  descends 
to  the  western  plains  until  the  great  central  desert  is  reached  at  a 
distance  of  700  to  1,000  miles  from  the  east  coast. 

TABLE-LAND  REGIONS 
DARLING  DOWNS 

Beginning  in  the  north,  the  first  pleateau  region  encountered  is  the 
Darling  Downs  section  of  Queensland  (fig.  1),  a  region  lying  from 
2,000  to  3,000  feet  above  sea  level,  and  consisting  of  rich  plains  with 
occasional  low-lying  ranges  of  hills.  This  is  an  old  sheep  country 
and  produces  the  finest  wool  grown  in  Queensland.  The  rain- 
fall of  25  to  30  inches  permits  the  introduction  of  agricultural 
crops,  which  has  resulted  in  the  cutting  up  of  the  larger  station,  or 
ranch,  holdings  into  farms.  Corn,  barley,  and  alfalfa  and  fruit  crops 
are  continuing  to  encroach  on  the  pastoral  sections,  and  it  is  probable 
that  the  future  will  witness  a  turning  to  crossbreds  run  in  small  flocks, 
and  the  lambs  sold  for  mutton.  The  carrying  capacity  of  this  section 
is  from  one  to  two  sheep  per  acre. 
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NEW   ENGLAND   AND   MUDGEE   SECTION 

South  of  Queensland  one  enters  the  New  England  and  Mudgee 
districts  of  New  South  Wales,  an  area  some  400  miles  in  length  and 
varying  in  width  from  50  to  150  miles.  (Fig.  2.)  This  table-land 
is  from  3,000  to  4,500  feet  in  elevation  and  is  noted  for  the  produc- 
tion of  fine  wool.  The  country  varies  from  gently  rolling  plains  to 
very  rough  granite  rock,  but  carries  a  short,  sweet,  native  vegetation 
capable  of  supporting  from  a  half  sheep  to  a  sheep  per  acre.  On 
account  of  an  infestation  of  parasites,  the  common  custom  at  present 
is  to  secure  wethers  from  other  districts,  carry  them  for  two  or  three 
seasons  for  their  w^ool,  and  then  dispose  of  them.  This  plan  has 
resulted  in  wider  variations  in  wool  types  than  were  found  when  the 
sheep  were  bred  largely  within  the  section,  though  it  is  popularly 
believed  that  wool  shows  a  tendency  toward  fineness  after  the  first 
year  the  sheep  are  introduced. 


.  lek,  Queensland,  Australia 


In  proof  of  this,  two  flocks,  both  in  the  same  section,  both  derived 
from  the  same  original  sources,  and  running  under  as  nearly  identical 
conditions  as  possible,  may  be  cited.  Flock  No.  1  is  still  producing  a 
super  70's  grade  which  has  consistently  topped  the  market  for  several 
years,  whereas  flock  No.  2  is  producing  wool  that  grades  64's  or  even 
60's  and  that  sells  several  pence  cheaper.  A  few  years  ago  flock 
No.  2  was  recognized  as  fully  equal  to  if  not  superior  to  flock  No.  1, 
and  the  change  has  been  brought  about  through  a  different  selection 
of  rams  and  stud  ewes:  It  indicates  that  the  sections  which  are 
commonly  thought  of  in  Australia  as  producing  strictly  fine  wool  will 
and  do  produce  coarser  or  broader-fibered  wool,  if  the  breeder  so 
desires  and  operates  accordingly. 

GOULBURN  AND  YASS 


The  Goulburn  and  Yass  districts  in  New  South  Wales  are  also 
noted  for  fine  wool.  These  are  plateau  sections  and  carry  a  shorter, 
sweeter  herbage  than  the  plain  regions.  It  was  noticed  that  the  wool 
of  sheep  removed  from  these  districts  to  the  New  England  district 
showed  no  further  tendency  to  become  fine  in  fiber  though  the  eleva- 
tion was  some  1,000  feet  to  1,500  feet  higher.     In  all  these  districts. 
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excepting  possibly  Yass,  the  wool  carries  more  condition,  or  yolk, 
and  a  darker  tip  than  does  that  of  the  sheep  in  the  plain  country. 
The  carrying  capacity  of  these'  districts  ranges  from  a  half  sheep  to 
one  sheep  per  acre. 

WESTERN  VICTORIA 

Western  Victoria  produces  the  finest  wool  in  Australia.  Possibly 
it  is  the  finest  in  the  world  which  is  produced  in  commercial  quan- 
tities. Many  flocks  are  found  in  which  the  wool  runs  from  TO's  to 
80's  and  even  up  to  120's ;  the  latter,  however,  nearly  always  is  hunger- 
fine  woolj  the  result  of  poor  feeding  conditions. 

The  Victoria  plains  are  volcanic  in  nature  and  are  covered  with 
igneous  rock.  The  soil  is  fertile  and  produces  a  sweet  grass  which, 
to  date,  is  free  from  burs  and  seed.  Trefoil,  or  California  bur  clover, 
is  gradually  working  in,  w^hich  will  eventually  render  a  portion  of 
the  clip  burry.     The  sheep  in  this  section  are  smaller  in  frame,  carry 


Figure   2. — Typical   New   England   country,   New   South   Wales,   Australia.      Lightly 
wooded  pastures  and  rolling  plateaus  are  the  chief  characteristics 

lighter  fleeces,  and  are  somewhat  more  delicate  in  appearance  than 
those  of  the  other  fine-wool  sections.  The  clip  yields  a  high  per- 
centage of  clean  wool.  Yields  of  60  to  65  per  cent  or  even  above  are 
frequently  noted. 

Back  of  the  plateaus  the  plains  drop  gradually  down  to  an  eleva- 
tion of  300  to  600  feet  above  sea  level,  and  it  is  on  these  areas  that 
the  great  bulk  of  Australian  wool  is  produced.  The  rainfall  is 
lighter,  varying  from  around  18  to  20  inches  on  the  eastern  edge  to 
3  or  4  inches  as  the  strictly  arid  region  is  approached.  The  rainfall 
here  largely  determines  the  carrying  capacity  of  the  country.  In 
sections  where  the  heaviest  rainfall  is  found,  one  sheep  to  2  acres  is 
common,  decreasing  to  a  sheep  to  10  or  more  acres  in  the  west. 

This  plain  country  runs  across  the  continent  and  is  largely  devoted 
to  sheep  and  cattle,  except  for  desert  sections  in  the  interior  or  sec- 
tions where  irrigation  or  natural  rainfall  makes  it  possible  to  produce 
crops,  as,  for  example,  in  sections  of  New  South  Wales  where  wheat  is 
grown  or  in  similar  areas  in  Victoria  and  South  Australia.    West 
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Australia  has  recently  begun  to  develop  a  considerable  sheep  industry 
on  the  country  adjacent  to  the  western  coast,  but  it  is  of  minor  im- 
portance as  compared  with  that  of  New  South  Wales,  South  Aus- 
tralia, or  Queensland.  The  quality  of  wool  is  excellent,  however, 
possibly  because  of  more  abundant  feed  in  a  new  country. 

The  natural  growth  of  all  this  country  consists  of  trees  of  the  gum 
or  eucalyjDtus  families,  kurrajong,  cypress  of  a  species  different  from 
that  found  in  America,  and  other  trees,  many  of  which  afford  good 
feed  in  times  of  drought.  Interspersed  with  these  are  found  smaller 
bush,  of  which  the  various  members  of  the  saltbush,  cotton  bush, 
and  mulga  families  are  the  most  important,  gradually  dwarfing  until 
the  plain  country  is  reached,  which  is  covered  witn  native  grasses 
or  small  bush. 

To-day  much  of  the  bush  or  timbered  country  has  been  ringbarked  * 
and  grasses  have  come  in.  Considerable  attention  is  being  paid  to 
introduced  grasses  such  as  the  trefoil,  subterranean  clover,  barley 
grass,  and,  where  possible,  alfalfa.  The  first  three  have  heavy 
yields  of  seed,  and  sheep  will  carry  in  good  condition  for  months  on 


^±^^e^. 


^C?^^^"^1^*s;e 


i.**K: 


FiGUUK   3. — South   Australian   2  and   3  year  old   Merino   wethers  Kfown   in    saltbush 
country.     These  sheep  averaged  16 ^4  pounds  of  wool  in  12  months'  growth 

ground  that  is  apparently  devoid  of  vegetation  but  which,  on  close 
inspection,  proves  to  be  covered  with  the  ripened  seed  of  the  grasses. 
The  trefoil  and  barley  grass  leave  much  foreign  material  in  the 
fleeces  and,  as  these  grasses  are  gradually  spreading  over  the  pad- 
docks along  with  such  weeds  as  the  bindei  and  noogoora,  or  cockle- 
bur,  the  result  will  be  an  increased  percentage  of  burrv  and  seedy 
wool.  The  saltbush  is  found  in  several  varieties,  ranging  from  a  small, 
creeping,  vinelike  plant  to  the  "  old  man  saltbush  "  8  to  10  feet  in 
height.  Saltbush  country  is  considered  excellent  sheep  land,  and  it 
is  stated  that  wool  produced  on  this  and  cotton-bush  areas  shows 
better  growth  and  more  character  than  wool  similarly  bred  which 
comes  from  other  areas.  (Fig.  3.)  According  to  rainfall  and  other 
climatic  conditions,  this  country  carries  from  one  sheep  for  every  2 
acres  to  one  for  every  10  or  more  acres. 

The  interior  of  Australia  has  been  only  partially  explored,  and 
conflicting  reports  as  to  its  possibilities  are  heard.     The  light  rain- 


*  Trees  and   bushes   are  sometimes   deadened   by   cutting  a   ring  or  notch   in   the   bark 
around  the  trunls. 


10         TECHNICAL  BtJLLETIlsr  124,  XT.  S.  DEPT.  OF  AGRICtJLTURE 

fall  precludes  much  expansion  in  number  of  sheep  unless  artificial 
means  of  watering  are  developed.  In  sections  now  utilized,  the 
carrying  capacity  is  one  steer  per  square  mile  of  range. 

TENURE  OF  LAND 

In  the  early  history  of  Australia,  the  problem  was  to  get  the  land 
in  use  and  to  attract  settlers.  Accordingly,  very  liberal  land  grants 
were  made.  Outright  purchasers  secured  great  tracts  of  the  better 
grazing  lands  at  as  low  as  25  cents  per  acre,  with  a  top  value  of  $5 
per  acre.  Others  were  given  a  conditional  purchase  as  conditional 
lease  grant  afforded  an  opportunity  of  converting  leaseholds  into 
freeholds  at  a  slight  advance  in  rental  fee. 

To  those  who  did  not  purchase  outright,  long-time  leases — first 
for  99  years,  then  for  50  years,  and  later  for  28  years — were  granted. 
The  lease  ran  from  1  cent  to  25  cents  per  acre,  with  a  clause  provid- 
ing a  Government  payment  on  all  permanent  improvements  left  on 
the  land  at  the  expiration  of  the  lease.  This  easy  acquisition  of  large 
tracts  of  land  led  to  the  holding  of  stations  in  relatively  few  hands, 
which  was  reflected  in  the  marketing  of  wool,  as  will  be  shown  later. 
It  also  had  the  effect  of  retarding  other  agricultural  activities,  as 
all  the  best  lands  were  early  secured  for  station  properties,  and,  when 
the  gold  mines  failed,  so  insistent  was  the  demand  for  land  to  pro- 
vide a  living  for  the  farmer-miner  that,  first  Victoria,  and  later  the 
other  States,  passed  an  act  for  the  resumption  by  the  State  of  any 
tract  of  land,  freehold  or  leasehold,  which  might  better  serve  the 
interests  of  the  State  as  a  whole  by  being  divided  into  smaller  tracts. 

This  act,  known  as  "  the  closer  settlement  act,"  provided  that  any 
tract  of  land  could  be  repossessed  by  paying  the  owner  its  current 
value,  if  a  freehold,  and  giving  him  a  prior  option  on  such  part  of 
it  as  would  keep  a  family  at  a  living  wage.  This  might  be  100  acres 
or  2,000  acres.  Trouble  and  dispute  grew  out  of  this  arrangement, 
and  to-day  one  of  the  problems  in  Australia  is  to  work  out  a  satis- 
factory land-tenure  scheme.  One  of  the  States,  New  South  Wales, 
has  exempted  all  stations  that  carry  stud  flocks  from  the  operations 
of  the  act.  The  result  has  been  to  increase  stud  flocks,  partly  as  an 
assurance  of  possession  of  the  land.  The  State  is  meeting  this  by 
a  graduated  land  tax,  taxing  the  large  holdings  more  in  proportion 
than  the  small  ones,  so  that  the  owner  is  willing  to  sell  out  if  the 
tract  is  wanted.  Most  States  are  operating  lease  lands  now  on  a 
28-year  basis  with  a  revaluation  every  seven  years,  such  revaluation 
not  to  exceed  the  previous  one  by  more  than  50  per  cent.  Queens- 
land has  repudiated  the  revaluation  clause  so  far  as  it  applies  to  the 
raise  in  rental,  and  any  new  Parliament  can  do  the  same  thing  in  re- 
gard to  any  law  governing  the  possession  of  the  land. 

This  situation  of  uncertainty  and  the  breaking  up  of  large  hold- 
ings have  an  effect  both  on  types  of  wool  produced  and  on  its  mar- 
keting. The  increased  land  value  and  higher  taxes,  the  additional 
labor  now  required  and  the  higher  wages,  and  the  decreasing  carry- 
ing capacity  of  the  land  caused  by  exhaustion  of  certain  mineral  ele- 
ments in  the  soil,  have  served  to  raise  the  cost  of  running  sheep  from 
around  25  cents  a  head  in  the  early  days  to  from  $1.25  to  $2.50  a 
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head  annually  to-day,^  according  to  breeder's-  estimates.  This  may 
be  expressed  in  cost  per  pound  of  wool  as  from  24  to  36  cents  (Is. 
to  Is.  6d.  (8) ).  So  it  is  no  lontjer  a  matter  of  any  kind  of  sheep  to 
eat  the  grass  but  one  of  obtaining  the  largest  yield  and  the  greatest 
value  per  head.  This  is  causing  a  gradual  transformation  of  breed 
types,  and  consequently  of  grades  of  wool. 

BREEDS  AND  TYPES  OF  SHEEP 

The  first  sheep  in  Australia,  were  the  fat-tailed  sheep,  followed  by 
the  Merino.  Most  of  the  early  flocks  were  a  combination  of  these 
two  breeds,  which  were  constantly  being  topped^  by  Merino  rams 
so  as  to  obtain  eventually  a  sheep  of  practically  pure  Merino  blood. 
The  idea  of  the  early  Australian,  and  one  which  is  still  held  by  his 
successors,  is  that  the  Merino  is  a  warm-climate,  dry-country  sheep, 
and  best  fitted  for  Australian  needs.  According  to  Dalgety,  69  per 
cent  of  the  wool  produced  in  Australia  comes  from  Merinos  {6, 
p.  ISO).  As  the  statement,  "Australia  is  made  for  Merino  sheep," 
was  so  continuously  heard,  and  as  mutton  was  of  little  value  with 
no  opportunity,  at  that  time,  to>  dispose  of  it  outside  the  continent, 
it  was  natural  that  the  Merino  should  be  the  breed  most  favored. 
The  ability  of  the  English  market  to  absorb  the  wool  production  'at 
good  prices  increased  the  demand  for  Mennos,  and  the  tendency  was 
all  toward  the  production  of  as  fine  wool  as  possible.  This  led  to 
the  development  of  a  sheep  carrying  a  very  fine  staple  but  shearing 
a  light  fleece.  Its  high  price  (there  is  a  record  of  $3.92  per  pound) 
made  yield  a  secondary  matter  until  the  first  big  price  break,  in  1842, 
caused  growers  to  study  the  problem  of  increased  production  per 
head. 

Some  time  prior  to  this  there  had  been  some  importations  of  Eng- 
lish Leicester  and  Lincoln  sheep,  and  there  is  strong  evidence  that 
this  blood  was  incorporated  into  many  Merino  flocks,  giving  a  larger 
sheep  of  longer  staple  but  not  such  fine  wool.  Drafts  were  made 
from  the  fine-wool  flocks  in  Saxony  and  later  from  the  heavy- 
shearing  Vermont  Merinos  of  America.  The  infusion  of  the  latter 
caused  much  trouble  because  of  their  excessive  wrinkles  and  result- 
ant trouble  with  the  blowfly  and  because  of  their  inability  to  range 
well.  Most  of  this  blood  was  later  eliminated,  but  there  is  a  belief 
that  its  influence  is  still  present  to  some  extent  in  many  flocks. 

Other  importations  were  made  from  the  Rambouillet  flock  in 
France,  and  the  Steiger  and  Gaddegast  flocks  of  Germany,  so  that 
some  of  the  Australian  Merinos  of  to-day  are  largely  composite 
animals  with  a  foundation  of  Merino  blood  from  South  Africa, 
England,  Saxony,  and  Tasmania^  later  crossed  with  French,  Ger- 
man, and  American  types,  and  with  an  infusion  in  some  strains  of 
En  owlish  lon":wools. 

As  the  pastoral  industry  moved  toward  the  dry,  dusty  plains  it 
was  thought  the  finer  wool  suffered  more  than  the  coarser  wool,  so 
three  types  of  Merinos  were  gradually  evolved — fine-wool,  medium- 

^  Pastoral  Review  (8,  p.  51).  In  this  bulletin  all  conversions  of  English  money  into  its 
equivalent  in  American  money  are  on  the  basis  of  $4.87  per  pound,  $0.24  per  shilling, 
and  $0.02  per  penny. 

^  The  best  ewes  of  the  flock  were  mated  with  Merino  rams. 
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wool,  and  robust  or  strong-wool  Merinos.  These  types  are  not 
strictly  confined  to  any  one  family  or  strain,  as  variations  from 
fine  to  strong  are  found  in  nearly  all  of  them.  It  is  noticed,  how- 
ever, that  the  larger  types  of  Merinos  do  not  approach  the  fineness 
of  the  best  specimens  of  Victoria  or  Tasmania,  for  example,  nor  are 
the  Tasmanian  Merinos  often  found  to  carry  really  robust  fleeces. 
This  variation  may  be  from  56's  to  80's  or  above,  which  affords  a 
wide  range  in  grades  and  prices. 

FINE-WOOL  MERINOS 

Flocks  of  fine-wool  Merino  sheep  are  found  in  the  higher  sections 
and  table-lands.  Victoria,  New  England,  Mudgee,  and  the  Goul- 
burn  and  Yass  districts  of  New  South  Wales,  Tasmania,  and  the 
Darling  Downs  country  of  Queensland,  contribute  the  bulk  of  this 
wool.     The  flocks  show  a  remarkable  similarity  of  breeding,  a  f  ounda- 


FlGURB     4. 


-Group    of   fine-wool   Merino    rams    from   the    New    England    section    of 
New  South  Wales 


tion  from  South  Africa  or  England,  later  topped  with  Saxony  or 
Tasmanian  Saxony  bred  rams,  and  with  some  evidences  of  the  Ameri- 
can types.     (Figs.  4  and  5.) 

In  size,  the  fine- wool  Merinos  (fig.  6)  are  the  smallest  of  the  three 
groups;  rams  average  130  to  175  pounds,  and  ewes  from  80  to  10(1 
pounds.  The  modern  type  is  plain  in  body,  and  many  specimens 
are  plain  in  neck  as  well,  though  a  neck  fold  or  two  is  thought 
desirable.  A  few  are  still  rather  heavily  marked.  The  covering  of 
the  face  and  leg  is  better  than  in  the  coarser-wool  types.  Woolly 
faces  are  common,  but  breeders  are  attempting  to  breed  open  faces. 
The  length  of  staple  is  from  2i/^  to  4  inches  and  is  very  even  over 
the  entire  body,  fairly  dense  for  plain  sheep,  and  generally  carried 
well  underneath.  The  more  robust-wooled  show  a  64's  count  but 
TO's  and  upward  is  desired. 

The  weight  of  ewes'  fleece  runs  from  3  to  10  pounds  and  that  of 
rams  from  14  to  20  pounds;  in  the  Tasmanian  and  New  England 
sections  they  weigh  even  more.     The  yield  in  clean  wool  is  generally 
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high,  as  the  yolk  is  light;  yields  up  to  TO  per  cent  are  reached  at 
times.  This  wool  is  in  keen  demand  and  commands  top  prices  on 
the  market.  A  tendency  toward  straightness  in  the  fiber  or  lack  of 
character  is  to  be  found,  also,  in  some  cases,  a  slight  deficiency  in 
constitution  of  the  animal.  The  production  of  fine  wool  is  about 
12.5  per  cent  of  the  total  clip  of  the  country.^ 

MEDIUM-WOOL  MERINOS 

The  medium-wool  Merinos  are  found  principally  in  the  plains 
country  adjoining  the  table-lands.  They  occupy  an  intermediate 
position  between  the  fine-wool  and  strong-wool  classes. 

These  sheep  were  developed  from  the  same  foundation  as  the  fine- 
wool  Merinos,  with  a  later  infusion  of  Rambouillet  and  American 


Figure  5. — Fine-wool  Merino  rams,  western  Victoria  section,  Australia 

Merino;  there  are  also  certain  physical  characteristics  and  wool 
qualities  to  warrant  the  conclusion  that  some  longwool  blood  has 
been  introduced  in  the  formation  of  the  type.     (Fig.  7.) 

The  earliest  prominent  breeders  of  this  strain  were  the  Peppins, 
at  Wanganella,  in  the  Riverina  section  of  New  South  Wales — that 
is,  the  country  tributary  to  the  Murray  and  Murrumbidgee  Rivers 
in  Southern  ^«  ew  South  Wales.  Sometimes  the  strain  is  referred  to  as 
Wanganellas,  taking  its  name  from  the  station  upon  which  these 
sheep  originally  ran. 

The  Wanganella  sheep  are  of  good  strong  constitution  and  are 
generally  of  good  conformation,  though  sickle  hocks  and  bad  feet  and 
mouths  are  frequently  observed  in  some  studs;  others  are  free  from 
these  defects.  In  size  the  ewes  range  from  100  to  140  pounds  or 
more  and  the  rams,  175  to  200  pounds.  Individual  specimens  go 
above  this  weight.  (Fig.  8.)  The  face  is  nearly  always  open  and 
the  wool  bright  and  lustrous.  The  staple  is  from  3  to  4  inches  long 
or  even  longer,  will  grade  60's,  64's,  and  sometimes  70's,  and  is  carried 

^  Statistip?  of  the  British  Australian  Wool  Realization  Association,  Isnown  as  "  Pawra," 
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well  over  the  body.  A  slight  tendency  to  breechiness  is  seen  oc- 
casionally, but  generally  the  fleece  runs  quite  true.  The  fleece  weight 
of  ewes  is  about  8  to  12  pounds  and  that  of  ram  fleeces  18  to  28  or 
30  pounds. 

It  is  claimed  that  sheep  of  this  and  the  strong-wool  types  stand 
up  better  under  dry,  hot  conditions  than  do  the  fine-wool  types,  and 
that  more  yolk  is  produced  in  these  wools,  the  yield  running  around 
50  per  cent  or  slightly  higher.  The  type  is  popular,  and  many 
breeders  of  the  generally  recognized  fine-wool  families  are  producing 
a  medium- type  wool  (figs.  9,  10,  and  11)  in  order  to  meet  current 
demands.  The  production  of  such  wool  constitutes  about  31  per  cent 
of  Australia's  clip.     (6,  p.  169.) 

STRONG-WOOL  OR  ROBUST-WOOL  MERINOS 

The  strong-wool  or  robust-wool  Merinos  embrace  the  more  robust 
wool  types  of  the  Wanganella  family  and  the  larger  Merinos  found 
in  South  Australia  (figs.  12  and  13).  which  are  mainly  descended  from 


Figure  6. — Two-year-old   fiue-wool  Merino  ewes.     The  clip  from  these  sheep  topped 
the  London  sales  in  1926 

the  Murray  and  Hawker  studs.  The  Murray  stud  was  established 
in  1843  from  a  draft  of  ewes  and  rams  driven  overland  from  Victoria 
and  supposedly  of  pure  Camden  Park  breeding.  The  Hawker  stud 
was  formed  in  1841,  the  ewes  having  been  drafted  from  various 
sources.  Both  studs  used  Tasmanian  blood,  and  for  some  80  years 
the  Murray  stud  has  been  bred  within  itself.  The  Hawker  stud  used 
Rambouillet  and  Murray  rams  in  the  early  period  of  its  history,  as 
well  as  their  own  breeding.  The  influence  of  the  longwool  blood 
is  also  apparent  in  many  of  the  strong-wool  flocks. 

This  is  the  largest  and  heaviest-shearing  type  found  in  Australia. 
The  wool  runs  from  60's  to  64's;  some  goes  as  low  as  56's.  The 
staple  is  of  good  length  and  carries  more  yolk  than  the  medium-wool 
type,  the  yield  being  around  42  to  45  per  cent.  Efforts  to  secure 
higher  yields  have  not  been  very  successful,  as  a  mushiness  is  noted 
on  the  backs  of  such  sheep.  One  breeder  remarked  that  a  limit  of  5 
per  cent  one  way  or  the  other  was  all  the  margin  of  safety  permitted, 
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more  yolk  meaning  too  heavy  wool,  and  less  yolk  not  enough  to 
protect  the  fleece  from  the  dry,  hot  conditions  under  which  the  sheep 
run.  This  type  of  sheep  produces  30.5  per  cent  of  the  total  Aus- 
tralian clip  according  to  statistics  compiled  by  Bawra. 

Some  of  the  recent  criticism  against  certain  Australian  wool  has 
been  directed  at  this  robust-wool  type  of  Merino,  but  its  advocates 
claim  heavy-shearing  weights  and  a  vigorous  active  sheep,  and  so 
long  as  their  wool  sells  as  near  to  top  prices  as  it  is  now  doing  there 
will  probably  be  no  change  in  type.  In  fact,  observation  leads  one 
to  the  opinion  that  instead  of  a  decrease  in  wool  of  this  type  there  will 
continue  to  be  an  increase  in  strong  and  medium- wool  sheep,  if  normal 
seasons  prevail.     Owners  of  commercial  flocks  are  purchasing  such 


Figure  7. — Typical  medium-wool  Merino  ewes,  New  Soutli  Wales 

rams,  and  although  much  is  heard  about  returning  to  fine-wool  sheep 
such  rams  are  not  keenly  sought  at  the  auction  sales,  and  apparently 
some  breeders  are  selecting  the  strong- wool  rams  to  mate  on  top  stud 
ewes.  Australia's  Merino  clip  can  not  show  any  marked  increase  in 
fine-wool  production  for  some  years  to  come,  save  as  adverse  feeding 
conditions  make  hunger-fine  wools,  as  was  the  case  over  large  areas  in 
1927. 

CROSSBREDS  AND   COMEBACKS 

The  dividing  up  of  the  large  stations  and  the  introduction  of  crop 
farming  have  developed  other  types  of  sheep  in  Australia  which  are 
well  adapted  to  the  needs  of  the  smaller  farmer.  These  are  the  cross- 
breds  and  "  comebacks,"  the  latter  of  which  are  the  result  of  mating 
a  Merino  ram  on  the  Merino-Leicester  or  Merino-Lincoln  ewe.  Some- 
times Romne^^s  are  used  for  crossbreeding,  but  the  Leicester  and 
Lincoln  are  the  favorite  breeds. 
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This  three-quarter  Merino  and  one-quarter  longwool  sheep  has  lately 
been  inbred  on  itself,  and  the  new  breed  is  called  Polworth  and,  by 
some,  Ideal.  As  yet  there  seems  to  be  no  fixed  type ;  some  show  true 
horns,  some  are  polled,  and  others  are  half-horned  or  caiTy  scurs. 
There  is  also  a  variation  in  size  and  conformation,  from  a  true 
Merino  down  to  the  crossbred.  The  fleece  weight  is  7  to  8  pounds  for 
the  ewes  and  15  to  20  pounds  for  the  rams,  and  the  wool  generally 
falls  in  the  58's  to  50's  counts.  The  staple  is  long,  and  the  wool  is 
considered  very  desirable.  Victoria  and  Tasmania  furnish  the  bulk 
of  it,  which  constitutes  some  10  per  cent  of  the  total  Australian  clip. 
The  crossbred  Merino-longwool  has  been  developed  into  a  distinct 
breed  called  the  Corriedale.  This  sheep  is  popular  in  the  farming 
sections,  as  it  combines  a  good  carcass  and  a  heavy  fleece.  In  the 
sections  where  lambs  are  produced  for    market    it    is    occasionally 


Figure  8. — Special  stud  Merino  ewes,  Wanganelia  type.     These  ewes  will  sliear  about 
14  to  16  pounds  of  wool,  yielding  50  per  cent  clean  wool 

crossed  with  Southdown  or  Ryeland  rams  and  produces  an  attractive 
market  lamb.  The  wool  is  of  very  good  staple,  yields  well,  and  is 
heavy  in  weight;  ewes  shear  10  to  13  pounds  and  rams  17  to  22 
pounds.  This  type  of  wool  constitutes  about  13  per  cent  of  the  total 
Australian  production  and  classes  as  50's  to  56's  in  fineness  as  indi- 
cated by  Bawra  statistics. 

LONGWOOLS  AND  OTHER  TYPES 

Longwools  and  other  types  are  generally  found  as  stud  flocks  and 
are  used  in  crossbreeding.  Their  yield  of  wool,  according  to  Bawra, 
is  only  about  3  per  cent  of  the  total  clip. 

SHEEP  IN  TASMANIA 

Tasmania  is  a  rough,  mountainous  island  with  sections  of  high 
rolling  plateaus  and  with  fertile  river  valleys,  lying  south  of  the 
mainland  of  Australia.  Its  climate  is  much  like  that  of  our  North 
Central  States,  and  it  has  a  good  rainfall  and  abundant  water  supply. 
It  is  an  excellent  country  for  sheep  (fig.  14),  Avhich  constitute  the 
main  agricultural  product. 
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Tasmania  dates  its  sheep  industry  from  the  year  1828,  when  the 
Van  Diemen  Land  Co,  imported  a  shipload  of  sheep  to  Tasmania. 
This  was  followed  shortly  after  by  a  draft  from  the  celebrated 
Henty  Merino  flock  of  England.  In  1834  a  Mrs.  Furlong,  of  Scot- 
land, sent  her  son  with  about  100  Saxony  sheep  to  Australia  to  start 
a  sheep  station  in  that  country.  The  boat  on  which  the  sheep  were 
being  conveyed  put  in  at  Hobart,  and  the  governor  of  the  colony  of 
Tasmania  was  so  impressed  with  the  animals  that  he  prevailed  upon 
young  Furlong  to  stay  in  the  country  with  them  and  gave  him  a 
grant  of  some  2,600  acres  of  land  in  the  midlands  near  Campbells- 
town. 

These  importations  served  as  foundation  flocks  for  the  development 
of  a  fine-wool  sheep  industry  in  the  country  and,  through  careful 
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Figure  9. — A  high-class  medium-wool  Wanganella  Merino  ram  which  sheared  27 ^/^ 
pounds  of  wool,  of  which  23  pounds  was  classed  as  super  60's,  yield  50  per  cent 
clean  wool.    This  ram  is  valued  at  $25,000 

selection  and  breeding,  the  Tasmanians  became  popular  as  wool 
improvers  on  the  mainland  of  Australia.  This  led  to  specializing  in 
stud  flocks,  and  for  many  years  Tasmanian  sheep  were  used  in  all 
the  leading  Australian  stud  flocks. 

Apparently  there  has  been  no  infusion  of  Rambouillet  blood  in 
the  Tasmanian  sheep.  There  has  been  an  introduction  of  the  lighter 
type  of  Vermont  Merino  in  some  of  the  studs,  and  an  early  catalogue 
of  one  of  the  leading  breeders  mentions  the  fact  that  the  cross  was 
of  such  value  that  the  stud  was  being  headed  by  three  of  the  sons 
of  a  certain  Vermont  ram.  To-day  no  breeder  acknowledges  the 
presence  of  this  blood  in  his  flock ;  yet  it  is  certain  that  a  change  from 
a  plain-bodied,  somewhat  open-fleeced,  light-boned  sheep  to  a  heavy- 
necked,  heavy-flanked,  dense-fleeced  sheep,  more  rugged  in  build 
and  heavy  in  the  bone,  was  made  in  such  a  brief  period  as  to  raise  the 
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question  whether  it  was  possible  through  the  somewhat  slow  process 
of  selection  within  the  strain  itself.  At  any  rate,  the  Tasmanian 
breeder  soon  accommodated  the  demands  of  the  Australian  who  was 
directing  his  efforts  in  sheep  breeding  toward  a  heavier  weight  of 
wool  and  more  density,  and  the  Tasmanian  again  enjoyed  a  lucrative 
business  in  stud  sheep. 

When  the  closer  settlement  act  forced  the  Australian  sheep  grower 
back  on  the  light-carrying  land  in  drier  sections  and  the  blowfly 
became  a  serious  factor  in  his  flock,  he  again  changed  the  type  of 
his  sheep  to  a  plain-bodied,  long-stapled,  rangier-built  animal,  and 
the  demand  for  Tasmanian  stud  rams  bejran  to  decline. 


Figure  10. — Same  ram  shown  in  Figure  9,  after  shearing 

The  result  has  been  a  gradual  transition  in  type.  To-day  compara- 
tively few  Merino  flocks  are  to  be  found  on  the  island,  and  these  are 
purebred  studs  which  sell  their  surplus  stock  mostly  in  Victoria  and 
the  New  England  sections  of  New  South  Wales;  a  fair  number  go 
to  South  Africa.  The  bulk  of  the  sheep,  some  1,619,075  {6,  f.  150- 
160)  head  in  1926,  are  crossbred  in  type.  The  season  of  1926-27 
showed  only  18  per  cent  of  Merino  wool  and  82  per  cent  of  crosshred 
wool  coming  into  the  market  (^,  p.  159). 

This  turning  to  crossbred  sheep,  mostly  Corriedale  in  type,  has  re- 
sulted from  the  demand  for  lambs  and  from  the  natural  climatic  and 
feed  advantages  enjoyed  in  Tasmania  for  the  production  of  a  well- 
finished  lightweight  lamb.  It  is  stated  that  sheep  do  not  grow  so 
large  in  Tasmania  as  when  removed  to  other  sections  but  that  they 
mature  early.  The  bulk  of  these  lambs  find  a  ready  market  in  local 
consumption  and  in  adjacent  Australian  cities,  at  prices  which  ap- 


MARKETING  WOOL  I:N'  AUSTRALIA  AND  OTHER  COUNTRIES 


19 


parently  are  satisfactory  to  the  producers.  This  system  of  sheep 
husbandry  has  been  more  profitable  in  recent  years  than  the  main- 
tenance of  purebred  Merino  studs,  as  the  market  for  these  stud  sheep 
has  gradually  declined  both  in  number  and  in  price. 

When  the  necessity  arises  for  the  Australian  to  refine  the  wool  he 
produces,  he  will  have  only  a  very  limited  source  upon  which  to 
draw  for  the  purpose.  The  Tasmanian  sheep  (fig.  15)  have  played 
an  important  part;  possibly  they  have  been  the  greatest  single 
factor  in  the  development  of  Australia  as  a  great  wool-producing 
country.  Practically  all  of  the  Australian  flocks  show  a  greater  or 
less  infusion  of  their  blood. 

The  possible  effect  of  the  elimination  of  this  source  of  breeding  on 
the  future  development  of  the  wool  industry  of  Australia  should  be 
of  some  importance  to  the  wool  grower  in  the  United  States. 


Figure  11. — Fleece  of  ram  shown  in  Figure  9  when  skirted  and  classed,  making  three 
sorts — 83%  per  cent  super  60*s,  11  per  cent  belly  wool,  and  5V3  per  cent  pieces 

SIZE  OF  FLOCKS 

There  has  been  a  decided  change  in  the  average  size  of  the  Hocks 
during  the  last  30  years.  More  men  have  entered  the  sheep  busi- 
ness, so  that  to-day,  according  to  statistics  compiled  by  Government 
agencies,  about  80,000  men  are  listed  as  sheep  owners.  Of  this  lium- 
ber  some  75,000  own  about  45,000,000  head,  or  an  average  of  slightly 
under  600  head  each;  3,500  own  between  58,000,000  and  60,000,000 
head,  or  17,000  head  each.  This  situation  has  a  direct  relation  to 
marketing  problems,  as  will  be  shown  in  a  later  section  of  this 
bulletin. 

FLOCK  MANAGEMENT 

As  mutton  is  a  secondary  consideration  in  almost  70  per  cent  of 
the  sheep  production  of  the  country,  it  is  the  usual  practice  to  retain 
the  wethers  in  the  flock,  to  shear  them  until  such  time  as  the  fleece 
deteriorates  either  in  length  or  in  weight,  and  then  sell  them  for 
slaughter.  The  wether  flock  is  classed  yearly,  and  old  sheep  or  unde- 
sirable individuals  are  thrown  out. 

The  lambing  percentage  shows  wide  variations  from  year  to  year, 
depending  upon  seasonal  conditions.  An  average  of  60  per  cent  may 
be  considered  fairly  good. 
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The  climate  of  Australia  is  so  mild  as  to  eliminate  the  necessity  of 
housing  or  hand-feeding  sheep  except  in  times  of  drought.  The  rabbit 
pest  necessitates  the  erection  of  rabbit-proof  fences,  and  to-day  prac- 
tically all  the  pastoral  region  of  Australia,  excepting  a  few  isolated 
stations  in  new  country,  is  under  fence.  The  stations  are  cross-fenced 
into  paddocks  varying  from  100  to  2,000  acres  with  about  1,000  acres 
as  the  probable  average.  This  system  of  fencing  eliminates  much  of 
the  cost  of  herding.  The  moving  of  sheep  is  usually  performed  by 
drovers  who  specialize  in  such  work  and  who  move  over  established 
routes  from  one- fourth  of  a  mile  to  a  mile  in  width.  The  supervision 
of  the  flocks  consists  in  paddock  riding,  including  the  duties  of  re- 
pairing fences,  watching  watering  places,  and  similar  work.  One 
man  can  oversee  a  considerable  number  of  sheep  in  this  way,  and 


Figure  12. — Strong-wool  Merino  ram   from  South   Au^trnlia  ;  wool   long  in  staple, 
classing  as  56's,  or  three-eighths  blood  ;  live  weight  225  pounds 

it  is  only  in  times  of  blowfly  infestation  or  lambing  that  much  work 
is  required. 

The  blowfly  pest  is  a  serious  problem  to  the  Australian  breeder. 
Its  annual  cost  is  estimated  at  about  $20,000,000.  "  Crutching  " — 
that  is,  cutting  away  all  wool  around  the  breech  and  tail  head  when 
about  three  months  in  fleece — and  jetting  or  forcing  arsenical  dips 
on  the  crutched  area  by  force  spray  pumps  are  the  more  common 
remedies  for  this  pest.     Fly  traps  are  also  used  extensively. 

The  heaviest  period  of  lambing  is  in  March  and  April,  which  cor- 
respond to  our  fall  months  of  September  and  October,  as  it  has  been 
found  that  lambs  do  better  when  they  are  dropped  in  the  Australian 
fall  and  go  through  the  winter  months  on  the  dam  than  when  they 
are  spring-dropped  and  take  the  rather  high  heat  of  the  summer. 
In  colder  sections  spring  dropping  of  lambs  is  practiced,  and  in  fall- 
lambing  areas  it  is  customary  to  gather  all  ewes  that  fail  to  lamb  or 
that  lose  lambs  and  mate  for  a  spring  drop. 
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Prior  to  mating,  the  ewes  are  classed  or  sorted  into  uniform  types, 
and  the  culls  are  eliminated  from  the  breeding  flock.  (Fig.  16.) 
The  rams  for  service  are  similarly  classed  and  are  so  classed  as  to 
overcome  defects  in  form  or  fleece  or  to  better  fix  desirable  character- 
istics. This  classing  may  be  done  by  the  owner  or  by  men  who  have 
a  technical  knowledge  of  wool. 

The  utmost  importance  is  given  to  the  selection  of  the  ram  in  both 
stud  and  commercial  flocks,  but  especially  in  the  former.  The  studs 
generally  carry  a  record  of  sires  only,  though  a  few  are  now  keeping 
records  of  the  top  or  special  ewes.  Families  are  built  up  on  some 
special  line  of  rams,  and  high  prices  are  paid  for  a  ram  that  has 
proved  especially  prepotent  in  good  qualities;  $25,000  has  been  re- 
corded. Constitution  is  first  noted  and  with  it  conformation.  At 
present  the  demand  is  for  a  plain  body  and  heavy  neck  with  good 
flank  and  arm  (foreleg).  Wrinkles  around  the  tail  are  very  objec- 
tionable on  account  of  the  blowfly,  and  close-turned  horns  are  avoided 


Figure  I'd. — South  Australian  Meriuo  ewes  producing  tiO's  wool.     A  large,  rugged  type 
bred  for  saltbush  country  where  the  fleece  shows  more  refinement 

for  the  same  reason.  An  open  face  is  desired ;  wool-blind  sheep  are 
considered  very  objectionable.  The  difference  between  a  $100  ram 
and  a  $1,000  ram  may  be  only  the  difference  between  an  open  and 
a  woolly  face.  A  ram  with  a  "hard  face,"  gray  nose  or  gray  patches 
around  the  eyes,  indicating  kemp,  is  discarded.  The  horn  should 
be  fairly  heavy.  Flat,  thin  horns  are  objectionable.  A  fair  length 
of  leg,  well  set  on,  is  desired,  as  sheep  must  travel  considerable  dis- 
tances at  times  to  feed  or  water. 

The  wool  must  be  of  good  length,  3  inches  or  more,  well  set  on,  and 
resistant  to  the  touch.  Soft,  mushy  fleeces  perish  under  hot,  dry  con- 
ditions and  are  avoided.  The  back  should  be  thick;  thinness  over  the 
withers  or  hips  is  avoided,  as  also  a  decided  dip  back  of  the  shoulders, 
or  light  heart  girth,  called  "devil's  grip."  Not  much  attention  is 
paid  to  wool  below  the  knees  or  hocks,  but  the  thigh  and  arm  wool 
must  be  of  full  length  and  must  be  thick.  Belly  wool  should  be  the 
same  length  and  fineness  as  the  side  wool  and  approaching  it  in 
density.  The  fleece  should  show  pronounced  crimp,  and  character, 
should  carry  true  or  even  over  the  entire  body  and  be  even  on  the 
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folds,  and  should  be  fairly  uniform  in  length.  There  should  be  only 
enough  oil,  or  condition,  in  the  fleece  to  preserve  it  from  the  weather. 
Dingy  yolk  is  avoided;  bright,  free-flowing  oil  is  considered  desir- 
able ;  black  top  or  tarry  tip  is  avoided.  Fibers  should  show  a  slight 
clinging  tendency  when  the  fleece  is  opened,  but  cross  fibers  are 
objectionable.  In  most  studs  it  is  considered  that  rams  should  be 
stronger  in  the  fleece  than  the  ewes  by  some  four  counts — that  is,  a 
ram  of  60's  should  go  to  a  ewe  of  64's  if  64's  wool  is  wanted,  or  a 
64's  to  70's  ram  to  a  ewe  of  TO's  to  produce  70's  through  the  flock. 
Exceptions  to  this  rule  are  found  to  be  due  largely  to  inherited 
characteristics. 

In  breeding  flocks  the  ewes  are  divided  into  three  studs — the 
specials,  or  top  ewes;  the  first  stud,  or  next  highest  grade;  and  the 
second-stud  ewes.  Stud  rams  for  use  in  the  flock  are  selected  only 
from  the  special  stud,  and  most  of  the  replacements  in  this  stud 
come  from  the  ewe  lambs  dropped  in  it.     Occasionally  an  extra- 


FiGURB  14. — Typical  Tasmanian  sheep  country 

good  breeding  ew^e  in  the  first  stud  may  be  advanced  to  the  specials. 
Figure  17  shows  a  group  of  selected  stud  ewes  on  a  station  in 
Riverina,  New  South  Wales. 

First-stud  ewes  furnish  selected  rams  which  may  go  to  commercial 
flocks  for  use  in  replenishing  the  ewes  on  the  station.  Second-stud 
ewes  furnish  the  bulk  of  the  flock  rams  in  ordinary  flocks. 

Selected-stud  ewes  sell  ordinarily  for  $250  per  head  and  more; 
first-stud  ewes  from  $50  to  $100 ;  and  second-stud  ewes  for  from  $25 
to  $50.  Differences  in  seasons  and  in  wool  prices  may  make  con- 
siderable variation  in  these  prices.  There  is  no  doubt  that  this 
system  of  classing  is  largely  responsible  for  the  character  of  the 
Australian  clip.  Even  stud  flocks  are  culled  heavily ;  in  many  studs 
25  to  30  per  cent  of  the  stud  ewes  are  gent  back  to  the  commercial 
flock  yearly.  This  heavy  culling  and  constant  drawing  to  a  certain 
fixed  type  of  wool  have  resulted  in  a  product  that  is  generally 
recognized  as  the  world's  standard  for  quality,  and  the  fact  that 
owners  of  commercial  flocks  are  generally  willing  to  pay  good  prices 
for  flock  rams  of  the  right  sort  serves  to  maintain  the  present  high 
standard. 
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The  question  of  feeding  over  drought  periods  is  one  of  great  im- 
portance to  the  woolgrower  in  Australia.  Droughts  mean  light  yields 
or  tender  wool  and  often  heavy  losses  in  sheep.  The  lopping  or  cut- 
ting of  the  outside  branches  of  trees,  such  as  karrajong,  mulga,  and 
similar  species,  is  carried  on  wherever  possible.  Some  pastoralists 
are  preparing  limited  areas  for  irrigation  for  such  periods ;  others  are 
conserving  feed  either  by  cutting  hay  or  by  storing  silage.  The 
green  corn  is  not  cut  into  short  lengths,  as  in  this  country,  but  is 
stored  in  bundles  of  whole  stalks.  These  bundles  are  placed  in  a  long 
trench  scooped  out  of  the  ground.  The  green  feed  is  covered  first 
with  straw  and  then  with  earth. 

The  more  common  practice  is  to  feed  oat  or  wheat  chaff — that  is, 
oats  or  wheat  cut  in  the  heavy  dough  stage  and  passed  through  a 
fine  cutter;  or  a  concentrated  grain  ration  such  as  linseed  or  cotton- 
seed meal;  or  a  mixture  of  these  with  corn,  oats,  or  other  grain. 
This  feed  is  usually  mixed  with  about  10  per  cent  of  molasses,  is 
then  pressed  into  cubes  a  half  inch  or  more  square,  and  is  fed  on  the 


Figure  15. — Tasmanian  Merino  brood  ewi  s 

ground.  An  allowance  of  4  ounces  joer  head  daily  i;j  considered 
sufficient  to  keep  a  sheep  in  condition  during  the  drought.  The  lack 
of  railroad  facilities  and  the  high  freight  rates  prevent  either  the 
moving  of  stock  or  the  transportation  of  bullvy  feeds  any  consider- 
able distance  during  drought  periods. 

Water  is  provided  by  means  of  wells,  by  damming  of  streams,  or  by 
digging  large  holes  where  surface  water  can  drain  in. 

One  of  the  big  problems  facing  the  wool  growers  of  Australia  is 
the  decreased  carrying  capacity  of  land.  Establishment  of  a  bureau 
of  research  to  study  this  question,  conducting  experimental  work  in 
feeding  minerals  both  to  the  soil  and  to  the  sheep,  and  of  a  depart- 
ment of  sheep  breeding  is  being  contem.plated.  New  Zealand  already 
has  established  such  a  department  as  the  latter. 

SHEARING 


It  is  a  common  saying  that  someone  can  be  found  shearing  sheep 
any  day  in  the  year  in  Australia,  and  this  seem^  to  be  true.  The 
bulk  of  the  shearing,  however,  is  done  from  June,  when  the  Queens- 
land clip  begins  to  come  off,  to  October,  when  shearing  is  in  progress 
in  Victoria  and  Tasmania. 
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This  long  shearing  season  affords  an  opportunity  for  men  to  follow 
the  business  for  considerable  periods  of  time.  The  customary  prac- 
tice is  for  the  large  wool  houses  to  arrange  to  supply  each  station 
with  shearers.  Some  independent  work  is  done,  but  most  of  the 
shearers  work  through  the  houses  that  later  handle  the  wool  as  it 
comes  from  the  station. 

Most  of  the  stations  that  carry  any  considerable  number  of  sheep 
have  their  own  shearing  sheds.  To  meet  the  situation  where  flocks 
are  small,  central  sheds  are  occasionally  found.  The  owner  brings 
in  his  sheep  to  be  sheared  rather  than  incur  the  expense  of  erecting 
his  own  plant. 


Figure  16. — Typical  South  Australian  Merino  stud  ewe,  weiglit  140  pounds,  fleece  10 
pounds,  60's  quality,  yield  55  per  cent  of  clean  wool 

Practically  all  the  sheep,  except  the  stud  flocks,  are  machine  shorn. 
The  owner  furnishes  the  plant  and  accommodations  for  the  men,  and 
the  shearers  usually  furnish  the  shearing  head  and  combs.  The 
following  are  the  essential  features  of  the  plant :  A  shed  capable  of 
sheltering  enough  sheep  for  at  least  one  day's  shearing,  in  case  of  wet 
weather;  sweat  pens  where  sheep  are  crowded  together  a  few  hours 
before  shearing  to  make  the  wool  cut  easier;  a  supply  pen,  behind 
each  shearer,  about  8  by  10  feet  in  size  and  holding  five  or  six  sheep ; 
shearing  floor  space  8  feet  square  for  each  shearer;  and  an  outside 
chute  for  sheared  sheep.  The  shed  usually  faces  the  south,  as 
direct  sunlight  is  mostly  from  the  north,  and  windows  are  so  ar- 
ranged in  the  roof  as  to  afford  ample  light.  Outside  may  be  found 
a  series  of  pens  for  shorn  and  unshorn  sheep,  a  race  for  branding 
and  sorting,  and  a  dipping  vat,  for  all  sheep  are  dipped  in  Australia. 

In  shearing,  the  belly  wool  is  first  removed  and  laid  to  one  side; 
the  inside  of  each  hind  leg  is  shorn  and  the  outside  of  the  left  hind 
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leg;  the  neck  is  opened  up;  and  the  rest  of  the  fleece  is  left  in  one 
piece  to  be  gathered  up  and  carried  to  the  wool  room.  According 
to  the  1927  wage  scale,^  the  wage  for  shearing  was  41  shillings  per 
100  sheep  (about  $9.84).  Additional  charge  is  made  for  stud 
flock  or  hand  shearing.  The  shearers  are  furnished  a  cookhouse  and 
sleeping  quarters  but  pay  their  own  cook  and  buy  the  provi3ions; 
the  sheep  owner  furnishes  meat  at  certain  fixed  rates.  Expert 
shearers  shear  200  head  or  slightly  more  a  day,  and  average  shearers, 
from  100  to  150  head. 

CLASSING 

PREPARING   THE  FLEECE  FOR  MARKET 

The  wool  room  is  presided  over  by  the  classer,  whose  job  is  to 
separate  the  fleece  into  the  various  sorts.  The  classer  is  usually  a 
man  of  technical  training  who  has  studied  wool  classing  in  one  of 
the  various  scientific  or  agricultural  colleges  located  throughout  the 


Figure  17. — Selected  Merino 


rina,  New  South  Wales,  station 


country  and  may  be  an  employee  of  one  of  the  large  wool  houses.  An 
owner  may  class  his  own  wool  if  he  wishes.  As  the  value  of  the  clip 
depends  largely  upon  the  way  in  which  it  is  classed,  it  is  now  pro- 
posed to  place  the  classer's  name  on  each  bale  so  that  he  will  be  held 
responsible  for  the  quality  of  the  pack.  Nearly  all  of  the  wool  houses 
supply  or  recommend  classers  to  their  clients,  feeling  that  this  pro- 
vides greater  assurance  of  uniformity  in  the  bale.  Classers  are  not 
licensed,  and  their  position  depends  largely  upon  their  ability  to 
sort  wool  properly.  In  classing  wool  the  standards  adopted  by 
Bawra  (see  p.  34)  are  followed  in  a  much  modified  form. 

On  being  brought  from  the  shearing  floor  the  fleece  is  thrown,  skin 
side  down,  on  the  wool-classing  table,  so  as  to  open  widely.  The 
classing  tables  are  about  7  feet  wide  and  of  various  lengths,  8  to  9 
feet,  or  multiples  thereof.     The  table  consists  of  a  heavy   frame, 


8  The  wage  for  the  year  is  determined  through  a  conference  of  representatives  of  the 
wool  growers'  associations  and  the  sheep  shearers'  unions,  the  Government  Labor  Board 
acting  as  arbitrator.  These  regulations  are  usually  later  ^acted  into  law  by  th^  Stateq 
themselves, 
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about  36  inches  in  height,  with  a  slatted  bottom.  The  slats  are  gen- 
erally about  an  inch  in  diameter  and  are  placed  on  rollers  at  either 
end,  to  permit  free  action  in  handling  the  fleece.  They  are  spaced 
about  one-half  inch  apart,  to  permit  the  dropping  of  short  second 
cuts  or  dirt  particles  through  to  the  floor. 

Skirting,  the  next  process,  consists  of  removing  from  the  body  of 
the  fleece  all  objectionable  sorts.  It  varies  widely  according  to 
seasons.  For  instance,  a  rank  growth  of  bur  or  trefoil  will  cause 
much  heavier  skirting  to  eliminate  the  bur  than  growth  in  a  "  clean  " 
season;  an  extremely  dry,  hot  summer  might  cause  the  back  wool  to 
deteriorate  more  than  a  cool,  moist  summer,  and  so  on.  Some  men 
make  more  lines  than  others.  This  seems  to  be  one  weak  point  of  the 
system — a  lack  of  standardization  in  establishing  sorts  according  to 
definite  qualities  and  conditions. 

Three  particular  clips  which  came  under  the  personal  observation 
of  the  writer  will  serve  to  illustrate  this  point.  Clip  No.  1  was  all 
wether  wool  coming  from  young  wethers  in  a  country  free  from  burs. 
Here  only  three  sorts  were  made.  This  sorting  was  very  simple  and 
consisted  merely  of  removing  the  short  ends  or  pieces  from  around 
the  fleece  smd  the  heavy  short  tags  and  crutchings.  Flocks  No.  2  and 
No.  3  w^ere  both  excellent  flocks  producing  avooI  similar  in  type  and 
carrying  about  the  same  amount  of  bur.  Weights  per  bale  and  per- 
centages of  each  sort  are  given  for  flocks  No.  1  and  No.  2  but  were  not 
available  for  flock  No.  3.     (Table  2.) 

Table  2, — Classfficatioii  of  tvool  from  three  Australian  flocks  observed 


Gort  of  wool 


Average 
weight 
of  bale 


Percent- 
age of 
total  clip 


Flock  No.  1: 

Fleece,  including  bellies 

Pieces 

Locks  and  crutchings 

Flock  No.  2: 

Fleece  A  A,  long  combing  64  's  toplino 

Fleece  A,  clothing  from  above  line 

Fleece  B,  long  combing  60's 

Fleece  C,  seconds  of  A  line. 

Broken  fleece,  shoulder  and  best  of  skirtings,  burry. 

First  pieces  or  seconds  of  broken  fleece 

Second  pieces,  sweat  locks,  etc 

Scoured  fleece  or  heavy  conditioned  and  discolored. 

Bellies,  sometimes  first  and  second 

Locks,  table  and  second  cuts 

Sweepings  and  short  crutchings 

Crutchings,  or  taggings  for  preventing  blowfly 

Flock  No.  3: 

Super  combing  E,  64 's  up 

First  combing  E,  as  above  but  shorter 

First  combing  A,  E,  Strong  60's 

Combing,  shorter  wool,  2  to  2J^  inches 

Fleece  heavy-conditioned -.- 

A  combing  E,  slightly  discolored 

Combing  A,  light-conditioned  wool 

Necks  C,  neck  parts - 

First  pieces,  best  skirting  seedy 

Broken  E,  slightly  under  above  line 

Second  pieces 

A  lambs'  wool,  4  to  6  months  growth,  seedy 

AA  lambs'  wool,  seconds  of  A  lamb  line 

Bellies 

Table  locks  or  drops  from  skirting  table -- 

A  locks,  best  of  second  crutchings 

Locks,  seconds  of  above  line 

Breech  and  belly  stains,  stained  wool 

Crutchings ., 


Pounds 
340 
370 
380 

330 
340 
330 
340 
340 

.360 
380 
380 
375 
360 

.  400 
375 


Per  cent 
80 
10 
10 

20 
6 

12 
6 

25 
8 
3 
2 
8 
2 
2 
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The  variations  found  in  these  three  clips  are  naturally  reflected 
in  the  prices.  A  small  line  of  wool  is  rarely  graded  so  closely  as  a 
large  line,  where  classing  is  done  at  the  station,  as  it  means  too  many 
parts  of  bales  to  be  disposed  of.  Clip  No.  1  represented  about  25,000 
pounds  of  wool;  clip  No.  2,  175,000  pounds;  and  clip  No.  3,  some 
125,000  pounds. 

Among  the  advantages  of  so  preparing  the  clip  are  the  following : 
(1)  The  purchaser  can  obtain  exactly  the  type  and  grade  of  wool  he 
wants  without  buying  anything  else,  which  induces  him  to  pay  top 
prices.  The  advantage  of  skirted  wool  over  unskirted  wool  is  esti- 
mated locally  as  from  li/o  to  3  cents  per  pound  net.  (2)  It  gives  the 
grower  a  better  line  on  the  breeding  operations  through  checking  the 
work  of  the  wool  classer  year  by  year  with  that  of  the  sheep  classer. 

Small  clips  are  frequently  sent  direct  to  the  broker  without  being 
classed.  These  are  classed  under  certain  conditions  described  later 
(p.  39)  and  are  termed  reconditioned  wool.  Such  wool  draws  top 
prices  for  the  qualities  found,  as  the  purchaser  feels  that  he  has  the 
reputation  of  the  house  behind  it,  rather  than  that  of  some  little- 
known  classer.  As  with  practically  every  other  industry  in  Aus- 
tralia, the  salary  of  the  classer  is  regulated  by  Government  authority 
according  to  the  scale  which  has  been  described.^  Under  the  agree- 
ments expiring  December  31,  1928,  the  classers  were  paid  as  follows: 
For  the  first  25,000  sheep,  $9.60  per  thousand;  for  the  next  10,000 
sheep,  $9.36  per  thousand;  and  for  all  in  excess  of  that  number  $8.16 
per  thousand,  with  a  minimum  weekly  wage  of  $37.65.  Allowances 
are  made  for  traveling  expenses  and  extra  duties  such  as  overseeing. 

After  being  classed,  the  wool  is  thrown  into  the  respective  bins  for 
each  grade,  and  the  body  of  the  fleece  is  rolled  but  not  tied,  prepara- 
tory to  being  baled.  Each  of  the  various  sorts  is  then  placed  in  the 
baler  and  is  compressed  under  high  pressure.  The  bales  are  some 
4  feet  long  and  3  feet  square  and  average  about  330  pounds  in  weight. 
The  wool  is  then  marked  as  to  owner  and  type  and  is  forwarded  to 
the  store  of  the  broker.  When  sold,  it  is  customary  to  compress  two 
bales  into  the  size  of  one,  under  a  powerful  hydraulic  press,  securing 
the  package  with  strong  iron  hoops,  to  reduce  transportation  cost. 
This  process  is  called  dumping. 

So  important  a  part  do  the  two  processes  of  classing  play  in  bring- 
ing the  Australian  clip  up  to  a  high  standard  and  in  facilitating  its 
sale  that  a  brief  review  of  them  as  practiced  in  Australia  is  given 
below.  •?•' 

The  establishment  of  many  small  flocks  and  the  breaking  up  of 
the  large  stations  is  causing  increased  difficulty  in  classing  wool  at 
the  station.  It  has  been  largely  through  the  rigorous  selection  and 
culling  of  sheep  and  the  efficient  classing  of  wool  that  Australia  has 
reached  its  present  position,  so  the  problem  is  no  small  one.  The 
small  flock  owner  naturally  can  not  afford  to  buy  rams  suitable  to 
all  his  ewes,  neither  does  he  employ  a  sheep  expert  to  grade  his  flock. 
This  means  a  wide  variation  of  types  produced  from  a  very  few 
sheep,  comparatively  speaking;  so  in  all  likelihood  an  expansion  of 
reconditioning  or  store  classing  of  wool  may  be  anticipated. 

The  British  Australian  Wool  Realization  Association,  which  had 
charge  of  the  purchase  and  allocation  of  the  wool  of  the  country 

^  See  footnote  8,  on  p.  25. 
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during  the  World  War,  established  847  different  kinds  and  types 
of  wool,  a  manifestly  impossible  thing  for  anyone  to  attempt  at  a 
station  and  possibly  not  practicable  for  even  the  largest  brokers.  Yet 
a  wider  range  of  types  and  grades  could  be  made  than  is  possible 
under  existing  conditions,  and  this  would  better  serve  the  mills  as 
well  as  the  producers.  The  Pastoral  Review  of  December,  1927, 
(1)  makes  the  following  comment  on  this  situation : 

The  system  of  bulking  small  parcels  of  wool,  adopted  particularly  in  southern 
centres,  has  been  a  great  success  this  season,  and  as  it  is  the  natural  corollary 
to  the  interlotting  and  reclassing  which  came  into  force  a  few  years  ago,  is 
capable  of  still  greater  expansion. 

At  the  outset  the  trade  adopted  a  somewhat  critical  attitude  towards  these 
made-up  lines  of  wool,  but  that  has  disappeared,  and  now  inquiries  are  often 
forthcoming  as  to  when  the  next  batch  of  bulked  wools  is  to  come  up  for  sale. 

In  Adelaide  much  success  has  been  obtained  from  bulking  the  many  small 
clips  grown  in  and  around  the  Hills,  and  under  the  system  the  farmer  with  a 
few  sheep  can  now  look  forward  to  obtaining  the  same  competition  and  resultant 
price  as  the  man  with  a  hundred  or  more  bales. 

Probably  in  no  State  are  the  wools  from  the  various  districts  so  similar  in 
type  as  in  South  Australia,  and  the  success  attendant  on  the  grouping  together 
of  the  small  lots  from  the  Hills  has  led  to  a  similar  method  being  adopted 
with  the  product  of  other  wool-growing  areas,  which  is  bound  to  develop  largely 
in  the  near  future. 

In  Victoria,  where  so  many  of  the  farmers'  wools  are  comebacks  and  cross- 
breds,  the  bulking  system  is  carried  to  greater  lengths  than  in  any  other  State, 
and  it  has  been  extended  to  mixed  bales  with  good  all-around  results. 

It  is  a  useful  adjunct  to  the  reclassing,  as  it  often  happens  there  will  be  a 
small  remnant  of  wool  over  of  one  type,  not  enough  for  a  bale,  and  formerly 
it  had  to  be  sold  as  a  light  weight,  or  put  into  a  sack,  thus  missing  the  com- 
petition of  the  bigger  buyer — now  it  goes  into  the  bulking. 

It  had  led  to  quite  a  demand  for  wool  classers  in  the  past  few  weeks  for 
this  particular  work,  which  provides  a  useful  follow-up  job  for  the  man  who. 
In  the  past,  has  had  to  be  content  with  an  odd  shed  or  two,  and  those  of 
lessening  size,  and  if  only  from  that  point  of  view  is  of  material  benefit. 

As  showing  the  work  involved,  in  one  comparatively  small  catalogue  recently, 
339  bales  of  bulked  wools  were  submitted,  representing  329  owners. 

In  one  line  of  comeback  wool,  125  owners  were  concerned,  with  an  average 
weight  of  41  lbs.  of  wool  each,  representing  some  6  or  7  fleeces,  and  in  another 
111  owners,  with  an  average  weight  of  40  lbs.,  the  parcel  in  question  realising  as 
much  as  a  similar  type  of  wool  in  a  well  classed  clip. 

The  number  of  entries  of  the  individual  weights  involved  in  the  handling  of 
the  339  bales  was  no  less  than  4,127. 

It  should  not  be  overlooked  that  quite  apart  from  the  gain  to  the  individual 
grower  by  this  system,  there  is  also  a  gain  to  the  community,  as  a  whole,  both  in 
the  labour  involved  and  the  added  value.  Again,  without  some  system  of  this 
sort  it  would  be  difficult  to  deal  with  the  ever-growing  number  of  small  parcels 
in  the  time  available. 

SUMMARY  OF  CLASSING  PRACTICE 

CLASSING  OF  WOOL  AND  SHEIABING 

Classify  into  as  few  lines  as  will  properly  represent  the  clip. 

Match  wools  as  to  counts,  yield,  and  length  of  staple. 

Separate  all  wool  showing  seed  or  bur. 

Remove  all  coarse  breech  or  cotted  neck-line  wool. 

Keep  bellies  separate. 

Put  all  stained  wool  by  itself. 

Separate  the  best  grade  of  burry  and  seedy  wool  from  lower  grades. 

Roll  the  skirted  fleece  without  tying. 

Brand  each  bale  accurately  as  to  type  of  wool. 

If  lots  are  mixed,  brand  according  to  breed  as  well  as  type. 
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CHARA-CrrERISTICS    SOUGHT  IN    (CLASSING   SHEEP 

Quality  and  fineness  of  fiber;  springiness  or  resistance  to  touch, 
called  "bone." 

Density,  particularly  on  back  and  neck. 

Trueness  or  evenness  of  fiber  (1)  on  folds,  (2)  over  entire  body. 

Belly  fleece  true  in  fiber,  dense,  and  of  good  length. 

Length  of  staple ;  3  inches  as  a  minimum  of  safety. 

Trueness  to  breed  type. 

Breediness,  indicated  by  eye  and  head. 

Constitution ;  this  is  given  major  emphasis. 

Yield  of  wool :  In  fine  wools,  rams  60  per  cent,  ewes  60  to  65  per 
cent;  in  medium  wools,  rams  50  per  cent,  ewes  55  per  cent;  strong 
wools,  rams  45  per  cent,  ewes  50  per  cent.  These  percentages  mark 
top  yields  at  which  profitable  fleeces  may  be  expected  in  stud  flocks; 
commercial  flocks  may  be  slightly  higher. 

Set  of  legs  and  hocks,  square,  well  under  body. 

Horn  heavy,  well  turned  out  from  head,  finely  corrugated. 

Spring  of  rib  and  depth  of  body  with  level  top  line. 

CHARACTERISTICS  DISCOUNTED  IN  CLASSING  SHEE3P 

I^ack  of  constitution,  thin  light  nose,  pale  skin,  etc. 

Mushiness,  or  weak  thin  backs  and  necks,  indicating  a  thin  weak 
wool  which  will  not  stand  rain  or  sun. 

Woolly  faces  or  hard  faces;  that  is,  gray,  harsh  faces  and  eyes, 
indicating  kempiness. 

Coarseness  of  fiber  on  breech  and  folds. 

Flat,  thin  horns  or  horns  set  too  close  to  head. 

Monkey  or  parrot  mouths  and  bad  feet. 

Legs  too  short  for  long  walks  or  badly  set  on;  sickle  hocks,  and 
similar  features. 

Thinness  of  belly  wool. 

Drop  behind  shoulders  and  pinched-in  appearance,  called  "  devil's 
grip." 

Unevenness  of  fiber  in  length  or  quality  over  body. 

Lack  of  crimp  or  character  in  fleece. 

METHODS  OF  MARKETING 

AUCTION  SALES 

The  first  method  of  disposing  of  Australian  wool  was  through 
shipment  to  England  for  auction  sales.  Some  wool  was  sold  in  1808, 
but  not  until  1820  (8)  was  the  first  auction  sale  held,  when  58  bales 
of  Australian  wool  were  offered.  The  highest  price  was  $1.20  per 
pound,  and  the  average  price  was  86  cents.  The  success  of  this  sale 
was  such  that  the  following  year  329  bales  were  forwarded  to  Lon- 
don for  auction.  At  this  sale  one  line  of  Captain  Mac  Arthur's  wool 
brought  the  price  of  $2.48  per  pound. 

It  was  not  until  1843  that  auction  sales  in  Australia  were  in- 
augurated, and  at  the  first  sale  Thomas  Sutcliffe  Mort,  an  auctioneer, 
offered  two  bales  on  the  Sydney  market.  Richard  Goldsbrough,  start- 
ing in  Melbourne  some  five  years  later,  offered  more  pretentious  lines, 
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and  later  these  two  men  established  the  firm  of  Goldsbrough-Mort, 
which  is  still  one  of  the  leading  brokerage  houses  in  Australia. 
From  this  modest  beginning  in  1843  local  auctions  have  gradually  ex- 
panded until  to-day  approximately  90  per  cent  of  the  entire  Aus- 
tralian clip  is  sold  at  home,  and  of  this  quantity  95  per  cent  is  sold 
through-  strictly  brokerage  houses,  which  may  or  may  not  be  coop- 
erative; the  remaining  5  per  cent  is  disposed  of  at  private  sale.  Of 
the  1926-27  wool  clip,  2,450,897  bales  were  sold  at  auction  in  Aus- 
tralia, while  261,541  bales  were  shipped  to  England.  The  remaining 
quantit}^  (approximately  142,760  bales)  was  sold  at  private  sale  for 
cash  and  was  usually  exported  by  the  companies  purchasing  it  at 
private  sale,  instead  of  going  through  the  auctions. 

It  is  generally  conceded  that  in  Australia,  as  in  New  Zealand, 
selling  through  an  auction  system  shows  a  gain  to  the  producer  three 
years  out  of  four.  So  it  is  usually  the  man  who  is  in  need  of  imme- 
diate cash  who  patronizes  the  buyer  rather  than  the  broker. 

WOOL  BROKERAGE   HOUSES 

The  leading  brokerage  concerns  are  stock  companies,  formed 
through  the  sale  of  shares.  Such  stock  may  be  held  by  anyone,  and 
large  blocks  of  it  are  to  be  found  in  wool  producers'  hands.  This 
stock  company  performs  a  multiplicity  of  services  as  follows : 

FINANCING    STATIONS 

Men  of  limited  capital  who  wish  to  enter  the  pastoral  business 
are  financed  through  the  brokerage  houses  rather  than  through  the 
banks,  as  credit  terms  are  more  liberal.  The  familiarity  of  the  brok- 
erage houses  with  pastoral  conditions  is  such  as  to  give  them  an 
advantage  in  this  field.  This  not  only  affords  an  outlet  for  surplus 
money  but  gives  the  company  a  new  client  and  more  business. 

Financing  of  existing  stations  also  enters  into  the  business.  The 
drought  situation  throughout  most  of  the  sheep-producing  area,  with 
the  consequent  additional  feed  cost  or  loss  of  stock  which  must  be 
replaced,  affords  an  outlet  for  a  tremendous  amount  of  money.  The 
current  rate  on  such  loans  is  7  per  cent  when  well  secured. 

FURNISHING    STATION    SUPPLIES 

The  brokerage  houses  act  as  selling  agents  for  all  sorts  of  station 
supplies,  from  such  things  as  sheep  shears  or  machines  to  dips,  feeds, 
tanks,  engines,  windmills,  fencing,  and  such  items.  Traveling  agents 
of  the  brokerage  concerns  are  always  in  close  contact  with  the  sta- 
tions, and  the  proposition  of  buying  now  and  paying  with  the  wool  or 
cattle  checks  is  very  persuasive.  The  commission  varies  with  the 
product. 

SEUilNG  AGENTS   FOR   STATIONS 

The  companies  undertake  to  sell  the  products  of  the  station  on  a 
brokerage  basis.  They  handle  livestock,  fat,  and  feeding  or  breeding 
animals  on  a  commission  basis.  Fat  stock  is  auctioned  off  to  the 
killers  at  so  much  per  head  (never  by  the  pound)  in  the  yards  of  the 
companies  located  in  killing  centers.    Feeders  or  store  animals  are  at 
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times  so  handled.  These  may  also  be  purchased  at  stations  on  order 
for  another  station.  Stock  for  breeding  is  handled  in  a  similar  way. 
Expert  judges  of  breeding  animals  are  employed^  who  fill  orders  for 
breeding  stock  varying  from  purchasing  a  single  ram  to  furnishing 
an  entire  station  with  breeding  animals.  The  usual  selling  commis- 
sion on  livestock  is  5  per  cent. 

OPERATION   OF   STATIONS   BY   THE   COMPANIES 

Many  of  the  companies  have  large  property  holdings  where  stud 
flocks  or  ordinary  commercial  flocks  have  been  established.  The  stud 
flocks  may  supply  their  clients  with  breeding  stock,  whereas  the  com- 
mercial flocks  go  to  increase  the  revenue  of  the  company. 

SELLING  OF   WOOL 

The  selling  of  wool  is  the  most  important  function  of  the  broker- 
age concerns.  In  the  1926-27  season  2,480,472  bales,  or  781,348,- 
680  ^^  pounds,  of  wool  were  sold,  bringing  a  price  equivalent  to 
$270,822,979,  which  at  an  average  brokerage  fee  of  1^  per  cent, 
netted  the  companies  $4,062,345. 

Consideration  of  these  activities  of  the  brokerage  houses  and  the 
extent  of  their  operations  brings  realization  of  the  hold  which  they 
have  on  the  business  of  the  pastoral  industry.  It  is  evident  that 
any  system  of  marketing  must  be  largely  in  conformation  with  their 
policies.  This  is  not  meant  as  an  indictment  or  criticism  of  the 
existing  system.  On  the  contrary,  the  service  rendered  has  been 
of  the  highest  order,  and  charges  have  been  kept  within  reasonable 
limits,  but  attention  is  drawn  to  the  influence  of  the  brokerage  com- 
panies as  throwing  some  light  on  recent  developments  in  the  Aus- 
tralian wool-marketing  program. 

Some  of  the  brokerage  concerns  are  classed  as  cooperative,  but 
the  system  of  handling  products  and  making  returns  is  identical. 
The  cooperative  wool-brokerage  houses  are  financed  through  selling 
stock,  and  the  savings  that  accrue  above  operating  expenses  are 
returned  to  grower  members  on  a  patronage  basis.  This  will  be 
discussed  later. 

From  the  time  the  first  brokerage  house  started  on  the  auction 
plan  of  selling  wool  up  to  the  date  when  the  British  Government 
commandeered  the  wool  clip  of  Australia  in  November,  1916,  there 
was  little  correlation  between  the  growers  and  the  brokers  as  a  whole. 
Individual  brokers  kept  in  close  contact  with  their  patrons  and 
endeavored  to  expand  their  business  through  getting  that  of  their 
competitors,  but  no  concerted  policy  was  ever  worked  out. 

Growers  had  numerous  organizations,  mostly  local  in  character, 
whose  work  was  mainly  with  matters  of  advantageous  or  adverse 
legislation.  The  wide  area  of  the  country  under  sheep,  the  limited 
railroad  and  transportation  facilities,  and  the  natural  rivalry 
between  the  large  studs,  served  as  barriers  to  prevent  close  contact 
or  frank  discussion  of  many  mattei^  which  concerned  the  growei*s' 
business.  So  the  first  consolidation  of  the  trade  came  about  only 
through  drastic  Government  action. 

^^^  See  (6,  p.  16).  Bales  were  converted  to  pounds  on  the  basis  of  315  pounds  per  bale. 
Some  scoured  wools  are  included  in  all  estimates  at  tbeir  actual  weight, 
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The  British  Government  decided  in  November,  1916,  to  appropriate 
all  the  Australian  wool  for  munitions  of  war,  and  the  Prime  Minister 
called  a  meeting  of  all  those  interested  to  discuss  the  best  methods 
of  handling  the  situation.  The  British  Government  was  to  assume 
the  clip  on  a  flat  basis  of  I5I/2  pence  (about  31i/^  cents,  according  to 
exchange  value  at  that  time)  per  clean  pound,  and  to  give  to  the 
growers  50  per  cent  of  the  profits  above  that  figure  arising  from  the 
sales  of  wool  to  other  countries. 

The  proposition  of  arriving  at  a  fair  valuation  for  each  clip  or 
class  of  wool  and  the  methods  of  handling  the  business  were  obviously- 
more  than  any  individual  concern  could  properly  cope  with,  so  it 
was  decided  to  work  out  some  concerted  plan  of  operation.  The 
effort  toward  a  better  marketing  scheme  thus  came  about,  not  through 
a  voluntary  movement  on  the  part  of  either  producers  or  brokers,  but 
as  a  result  of  the  demands  of  a  war  measure  on  the  part  of  the 
Government. 

CENTRAL  WOOL  COMMITTEE 

As  a  result  of  the  above  meeting,  two  bodies  were  organized.  The 
National  Council  of  Wool- Selling  Brokers,  representing  all  the 
brokerage  houses,  and  the  Australian  Wool  Growers  Council,  repre- 
senting the  various  pastoral  associations.  Committees  from  each 
were  selected  to  work  out  details,  and  a  joint  organization  known  as 
the  Central  Wool  Committee  was  established  to  administer  the  affairs 
of  the  business.  The  Central  Wool  Committee  consisted  of  a  Govern- 
ment appointee,  two  growers'  representatives,  three  selling  brokers' 
representatives,  and  one  representative  each  from  the  manufacturing, 
wool-scouring,  and  wool-buying  interests.  Similar  State  committees 
were  formed,  excepting  that  no  Government .  representative  sat  on 
these  boards ;  an  advisory  board  was  also  formed  consisting  of  recog- 
nized experts  in  wool  classing  and  other  phases  of  the  work,  for  con- 
sultation purposes. 

The  first  matter  considered  was  the  complete  classification  of  all 
the  various  wool  types  and  percentages  of  each  in  order  to  arrive  at 
a  fair  basis  of  valuation.  This  was  considered  on  a  basis  of  fineness 
of  fiber,  length  of  staple,  clean  yield,  strength  of  fiber,  quantity  of 
foreign  matter,  and  other  factors.  In  all,  847  different  types  and 
kinds  were  classified,  and  samples  were  drawn  for  purposes  of  com- 
parison and  for  further  use  in  valuations. 

The  value  of  each  type  was  arrived  at  by  determining  what  per- 
centage of  the  total  production  it  constituted  and  its  ordinary 
relative  value,  as  applied  to  the  entire  clip  of  the  country,  with  an 
average  valuation  of  31i/^  cents  per  pound.  The  amount  of  work 
and  the  number  of  calculations  involved  in  such  a  proceeding  were 
tremendous;  yet  so  thoroughly  did  those  in  charge  of  the  work  go 
into  the  matter  that  the  actual  handling  of  the  clip  on  the  estimated 
valuation  worked  out  to  the  slight  fraction  of  a  cent  a  pound. 

The  working  out  of  this  comprehensive  classification  was  of  great 
value  to  the  producer  as  well  as  to  the  trade  in  general,  and  although 
847  types  were  too  many  to  be  handled  in  ordinary  trade  channels, 
a  further  arrangement  of  these  types  into  groups,  rather  similar  in 
value,  reduced  the  number  of  grades  to  71. 
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As  an  illustration,  one  group  is  here  considered,  or  a  number  of 
types  of  wool  carrying  the  same  valuation. 

Value  80  cents  per  pound  clean  yield : 

(24)  60's  to  64's  super  wai*p  fleece,  free  southern  Australian  type. 

(25)  60*s  extra  super  warp  fleece,  free  choice  Riverina  type. 

(26)  64's  spinner's  fleece,  deep,  free  or  practically  free. 

(27)  70's  to  64's  warp  fleece,  best  style,  few  burs. 

(28)  60's  comeback,  choicest  Victorian  and  Tasmanian  absolutely  free. 

A  more  detailed  description  of  this  wool  shows  considerable  varia- 
tion, but  also  a  degree  of  similarity.  B}^  warp  wool  is  meant  wool  of 
3-inch  staple  or  longer.  Comeback  wool  is  three-fourths  Merino 
and  one-fourth  longwood.  Free  wool  contains  no  bur  or  seed. 
Super  means  extra  long  and  deep,  well-grown  wool.  The  price  the 
individual  grower  might  receive  for  any  clip  in  the  group  would  vary 
according  to  the  yield,  as  the  grease  prices  were  all  based  on  a  clean- 
content  value.  These  tables  also  covered  scoured  and  skin  wools. 
Without  doubt  they  constitute  the  most  complete  system  of  classifica- 
tion ever  worked  out. 

The  result  of  putting  this  system  into  effect  was  a  correct  tabula- 
tion of  the  wool  clip  of  Australia  both  as  to  total  production  and 
character,  a  valuable  aid  to  the  breeder  and  to  the  purchaser. 

The  system  of  valuation  was  carried  out  through  wool  appraisers, 
who  placed  an  estimate  on  the  yield,  type,  and  general  character  of 
each  lot  and  entered  these  in  the  apprai.sement  book.  This  book 
was  later  turned  over  to  the  final  appraisers,  who  worked  in  pairs 
and  whose  decision  was  final.  Settlement  was  made  on  the  basis  of 
their  findings. 

The  results  of  three  years'  operation  of  this  plan  showed  that 
Australia  was  producing  approximately  70  per  cent  Merino  wool  and 
30  per  cent  crossbred.  Of  this  cfuantit}^,  79  per  cent  was  classified  as 
combing,  11.8  per  cent  as  clothmg,  and  9.2  per  cent  as  carbonizing 
wool.  Of  the  Merino  wool,  81  per  cent  was  combing  wool;  11.6  per 
cent,  clothing;  and  7.4  per  cent,  carbonizing.  In  the  crossbred  wool 
75.6  per  cent  was  combing  wool;  11  per  cent,  clothing;  and  13.4  per 
cent,  carbonizing.  A  considerable  portion  of  the  carbonizing  wool  is 
combing  in  length,  and  although  it  is  the  usual  practice  to  shear  the 
fall  drop  of  lambs  in  the  spring  in  order  to  get  a  good  well-gi'own 
fleece  the  following  year,  this  wool  (from  four  to  six  months'  growth) 
all  falls  into  the  clothing  class. 

It  is  not  pertinent  to  go  further  into  the  operations  of  the  central 
wool  committee  during  the  World  War,  but  the  committee  performed 
a  very  definite  postwar  function  and  demonstrated  clearly  the  in- 
fluence which  a  w^ell-governed  organization  can  have  in  determining 
values  and  stabilizing  markets  in  the  face  of  large  supplies  and  de- 
moralized market  conditions.  In  April,  1919,  the  British  Govern- 
ment decided  that  auction  sales  should  be  resumed  in  Australia  and 
New  Zealand  and  that  fixed  prices  on  wool  already  under  control  be 
maintained  until  November  of  that  year  at  7i/2  per  cent  less  than 
those  of  the  previous  12  months.  The  keen  demand  for  wool,  how- 
ever, raised  prices  above  the  appraised  value,  particularly  in  the  best 
grades. 

But  many  in  the  business  felt  that  such  a  situation  was  only  tem- 
porary, and  in  August,  1919,  at  the  suggestion  of  the  central  wool 

43544°— 29 3 


34  TECHNICAL  BULLETIN   12  4,  U.  S.  DEPT.  OF  AGRICULTURE 

committee,  the  Australian  Wool  Council  was  formed.  This  body 
consisted  of  six  representatives  each,  from  the  growers  and  from  the 
brokerage  houses.  A  plan  of  controlled  prices  and  methods  of  selling 
was  submitted  to  the  growers.  Less  than  50  per  cent  of  the  growers 
took  the  pains  to  vote  one  way  or  another  on  the  proposed  plan.  Of 
those  voting,  nearly  75  per  cent  registered  as  favorable,  but  as  a  three- 
fourths'  majority  of  all  the  growers  was  necessary  to  put  the  plan 
into  operation  the  matter  was  dropped. 

BRITISH    AUSTRALIAN   WOOL   REALIZATION   ASSOCIATION    (BAWRA) 

The  1920  season  brought  about  drastic  reductions  in  wool  prices, 
and  the  carry-over  of  war-purchased  wool  was  so  large  as  to  consti- 
tute a  real  menace  to  the  coming  clip.  Some  measure  was  thought 
necessary  to  dispose  of  this  wool  without  seriously  disrupting  the 
market ;  so  the  organization  of  the  central  wool  committee  was  taken 
over  early  in  1921,  and  a  stock  company  known  as  the  British  Aus- 
tralian Wool  Realization  Association  was  formed.  This  organiza- 
tion had  as  its  chairman.  Sir  John  Higgins  (P),  who  had  served  in 
the  same  capacity  on  the  central  wool  committee  and  to  whose  judg- 
ment and  keen  business  knowledge  much  of  the  success  of  the  under- 
taking was  due. 

The  shareholders  of  the  new  company  were  growers  whose  wool 
had  been  handled  during  the  war  period,  a  total  of  120,000  people. 
Often  an  owner  and  a  tenant,  or  two  or  more  owners,  would  be  inter- 
ested in  the  same  clip,  and  all  were,  therefore,  shareholders.  The 
appraised  value  of  the  wool  which  the  grower  had  furnished  under 
the  administration  of  the  central  wool  committee  was  taken  as  the 
basis  of  determining  his  holdings  in  the  new  company.  The  capital 
of -the  company  was  fixed  at  25,000,000  pounds  sterling  (or  $121,- 
500,000)  and  the  assets  at  $107,000,000,  of  which  five-elevenths  was 
issued  as  priority  wool  certificates  to  be  retired  as  rapidly  as  possible, 
the  remaining  six-elevenths  to  be  issued  as  paid-up  shares,  value  1 
pound  sterling  each.  Small  growers  whose  total  holdings  were  under 
$500  were  paid  cash  outright  to  the  estimated  value  of  their  holdings. 

The  affairs  of  the  association  were  administered  by  a  board  of  11, 
of  whom  5  resided  in  England;  the  remainder  were  Australians. 
The  setting  up  of  this  organization  was  in  reality  a  joint  undertaking 
on  the  part  of  the  British  Government  and  the  Commonwealth  Gov- 
ernment of  Australia,  and  the  wool  funds  on  hand  were  forwarded  by 
the  British  Government  to  the  Commonwealth  Government,  which 
in  turn  placed  them  with  the  British-Australian  Wool  Realization 
Association  for  distribution.  This  point  is  worthy  of  note,  in  view 
of  subsequent  events. 

Bawra,  as  the  organization  was  commonly  called,  was  only  con- 
cerned with  liquidating  to  the  best  advantage  the  stocks  of  carry-over 
wool,  amounting  in  Australia  and  New  Zealand  to  725,000,000  pounds 
on  July  1,  1921,  and  wool  brokers  were  concerned  lest  the  offering 
of  the  carry-over  wool  should  demoralize  the  trade.  A  conference 
was  held,  therefore,  which  agreed  on  an  allocation  of  quantities  of 
wool  to  be  offered  at  auctions  from  time  to  time,  and  the  percentages 
of  carry-over  and  current-clip  wools  to  be  offered  at  each  sale. 

It  was  also  determined  to  fix  minimum  reserve  limits  (selling 
prices).    Here  wa^  a  high-handed  policy,  considering  the  fact  that 
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a  tremendous  surplus  of  wool  was  generally  credited  with  being  in 
existence  and  business  generally  was  going  through  a  period  of  stag- 
nation. At  first  a  few  brokers  who  had  conditionally  signed  "  the 
agreement "  decided  to  break  away,  and  they  undersold  the  limits 
as  much  as  20  per  cent.  It  was  understood  that  certain  banks  were 
behind  this  movement,  and  when  offers  of  25  per  cent  under  agreed 
prices  were  made  Bawra  withdrew  its  wool  from  the  market.  Later 
an  agreement  was  reached  to  place  an  average  of  18  cents  per  grease 
pound  on  all  current  or  carry-over  wool,  and  on  May  9  the  Govern- 
ment placed  an  arbitrary  limit  of  16  cents  per  pound.  This  had  the 
effect  of  stabilizing  prices,  allowing  a  gradual  absorption  of  the  cur- 
rent clip  and*  considerable  reduction  in  carry-over  stocks.  The  ratio 
between  current  and  carry-over  sales  was  about  three  to  one  in  favor 
of  current-clip  sales. 

The  date  of  the  expiration  of  the  Commonwealth  reserve  limit  of  16 
cents  per  grease  pound  was  November,  1921,  which  again  left  the  mat- 
ter open,  but  an  agreement  was  entered  into  that  all  matters  of  dif- 
ference in  policy  between  the  Wool  Brokers'  Association  and  Bawra 
should  be  decided  by  the  appeal  board.  Matters  of  allocation  of  the 
various  quantities  of  wool  to  be  offered  from  date  to  date  were  agreed 
upon,  and  the  year's  sales  showed  the  absorption  of  the  current  clip, 
together  with  some  180,000,000  pounds  which  had  been  left  of  the 
1920  clip,  and  also  disposition  of  around  240,000,000  pounds  of  the 
war  carry-over  wool.  This  would  seem  to  be  a  clear  demonstration 
that  an  orderly  system  of  marketing  is  possible  and  that  it  can  be 
utilized  to  the  producers'  advantage  even  under  adverse  circumstances 

In  December,  1922,  a  meeting  of  Bawra  was  called  to  determine 
the  future  policy  toward  a  controlled  central  marketing  scheme  in 
Australia.  At  this  time  10,000,000  pounds  sterling  of  the  22,000,000 
pounds  issued  in  certificates  and  stocks,  the  value  of  which  lay  in 
wool  stocks,  had  been  returned  to  the  growers,  and  a  further  distri- 
bution of  6,000,000  pounds  was  ready.  It  was  the  idea  of  some  to 
stop  at  this  distribution  and  reserve  the  remaining  6,000,000  pounds 
(nearly  $30,000,000)  as  a  fund  to  continue  in  business  looking  to  one 
central  organization  to  allot  quantities  of  wool  to  be  offered  and  to 
fix  minimum  prices  on  such  sales ;  to  continue  to  determine  yield  and 
grade  and  to  sell  the  wool;  and  to  provide  for  large  central  stores 
in  which  to  class  wool,  bringing  all  such  wool  to  a  uniform  standard 
of  quality.  In  defense  of  this  proposition,  Sir  John  Higgins  ^^  made 
an  address  in  which  he  said : 

In  order  that  the  man  on  the  land  should  receive  the  full  market  value  for 
his  product — a  value  based  relatively  on  the  world's  supply  of,  and  the  avail- 
able consumptive  demand  for,  such  conmiodities — it  is  becoming?  abundantly 
more  plain  that  there  should  be  one  central  commercial  authority  which  can 
formulate  i>olicies  on  his  behalf.  I  am  relentlessly  opposed  to  governmental 
control  of  commercial  activities,  but  I  am  a  strong  supporter  of  cooperative 
associations  for  the  control  of  the  realization  of  primary  products,  provided 
always  that  the  formulation  of  the  policies  administered  by  such  organizations 
is  vested  in  the  producers  of  the  commodities. 

Organization  along  these  lines  gives  stability  to  an  industry  and  is  in  itself 
a  stimulus  to  production.  The  combined  financial  credit  of  all  its  members 
can  be  used  by  the  organization  in  the  interests  of  the  industry,  and  the  govern- 
ing body  can  speak,  and  act,  on  behalf  of  all  shareholders.     Because  of  the 

«  See  p.  34. 
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inherent  strength  of  such  an  organization  it  would  command  attention,  whereas 
the  representation  of  the  individual,  or  an  association  few  in  members  and 
weak  financially,  would  be  lightly  regarded  or  even  ignored. 

Among  other  recommendations  made  during  this  address  was  the 
elimination  of  the  1-pound  draftage  allowed  on  each  112  pounds  of 
wool  sold,  as  it  was  stated  that  the  loss  amounted  to  some  $1,500,000 
annually  to  the  wool  growers  of  Australia,  and  the  reconditioning 
or  classing  of  all  small  clips  according  to  the  standards  adopted  by 
the  central  wool  committee,  as  clips  so  handled  had  shown  a  net  gain 
of  from  3  to  6  cents  per  pound  over  similar  wool  not  so  treated.  He 
estimated  that  thig  item  alone,  on  20  per  cent  of  the  Australian  clip, 
would  mean  a  gain  to  the  growers  of  $2,600,000  yearly.    • 

On  large  clips  the  type  and  yield  should  be  determined.  Much 
wool  was  said  to  sell  below  its  real  value,  as  buyers  did  not  always 
recognize  the  yield  of  the  wool  by  hastily  examining  a  small  sample. 
As  an  extreme  example,  a  case  was  cited  in  which  two  lots  of  wool, 
identical  in  type  and  yield,  were  sold  on  the  same  date  in  two  different 
cities,  one  bringing  13  cents  a  pound  more  than  the  other.  In  another 
case  5  cents  per  pound  disparity  was  noted,  and  a  difference  of  2  to 
3  cents  was  a  common  occurrence. 

The  manner  of  allocation  of  monthly  sales  and  freight-rate  reduc- 
tions, which  had  been  effected  through  central  control,  were  dis- 
cussed. It  was  estimated  that  direct  saving  through  such  policies 
would  amount  to  $7,500,000  per  year  and  that  indirect  advantages, 
such  as  increased  bargaining  powder,  would  add  at  least  $5,000,000 
more  yearly. 

After  a  discussion,  however,  the  stockholders  decided  to  close  the 
affairs  of  the  concern  as  speedily  as  possible  and  go  back  to  the  old 
system  of  broker-handled  auction  sales.  The  reason  advanced  for 
this  policy  was  that  some  growers  professed  to  see  a  chance  for 
governmental  control,  as  the  Government  had  concerned  itself  in 
erecting  Bawra  and  had  at  one  time  fixed  arbitrary  minimum-price 
limits  on  wool.  The  general  opinion,  however,  is  that  the  brokerage 
concerns  were  strongly  opposed  to  the  plan,  seeing  in  it  a  possible 
curtailment  of  their  business,  and  that  they  brought  pressure  to  bear 
on  their  clients  to  compel  them  to  vote  against  the  proposition. 

PRESENT   SYSTEM  OF  WOOL   SELLING 

Extension  of  Bawra  into  a  permanent  organization  has  as  yet 
failed  of  realization,  but  the  association  has  been  instrumental  in 
bringing  about  a  closer  relationship  between  the  various  wool-pro- 
ducing and  wool-selling  agencies. 

There  are  to-day  three  organizations  in  connection  with  the  wool 
trade— (1)  the  Australian  Wool  Growers  Council;  (2)  the  National 
Council  of  Wool-Selling  Brokers,  which  consists  of  all  wool-selling 
brokerage  houses,  including  cooperatives;  and  (3)  the  Wool  Buyers' 
Association.  Naturally  the  selling  brokers,  who  occupy  an  interme- 
diate position,  have  agreements  with  both  the  producer  and  the  pur- 
chaser.    The  relation  with  the  producer  will  be  considered  first. 

The  broker  holds  no  contract  with  the  grower  for  the  delivery  of 
his  wool  except  as  he  may  have  a  claim  to  it  on  money  advan«'ed. 
This  holds  true  of  the  cooperatives  as  well.  Under  these  conditions 
the  grower  is  at  liberty  to  consign  his  wool  to  the  concern  which  he 


MAHKETIXG  WOOL  IIST  AUSTRALIA  AND  OTHER  COUNTRIES  37 

thinks  can  give  liim  the  best  service  or  net  him  the  greatest  return 
for  his  wool. 

The  wool  brokerage  house  does  a  strictly  brokerage  business  and 
buys  no  wool  for  its  own  account.  This  is  one  point  in  favor  of  the 
grower.  He  is  not  compelled  to  have  his  wool  in  competition  with 
privately  purchased  wool  which  might  get  the  advantage  of  a  good 
sale.  The  following  are  other  conditions  of  the  wool  brokerage- 
house  system  which  are  favorable  to  the  growers'  interests: 

The  wool  must  be  offered  at  auction  sale,  and  the  grower  may  set  a 
minimum  price  which,  if  not  reached,  withdraws  the  wool  from  the 
auction.  Such  wool  may  be  offered  later  at  private  sale  under  cer- 
tain conditions. 

Wool  is  sold  or  catalogued  for  sale  in  the  order  in  which  it  arrives 
at  the  broker's  warehouse,  and  at  least  20  per  cent  of  the  total  clip 
must  be  in  store  to  constitute  an  entry.  This  provides  that  early 
shorn  and  delivered  wool  is  the  first  listed  for  sale,  unless  the  grower 
wishes  to  reserve  it  for  a  later  date,  which  must  be  done  at  the  time 
of  the  arrival  of  the  wool.  It  also  prevents  the  delivery  of  a  few 
bales  out  of  a  large  clip  in  order  to  secure  a  place  early  in  the  sales, 
as  was  done  occasionally  before  the  20  per  cent  clause  went  into  effect. 

Advance^  on  wool  may  be  made  upon  such  terms  as  the  grower 
and  broker  may  determine.  There  is  no  specific  rule  covering  the 
amount  or  rate  of  advance,  except  a3  may  be  agreed  upon  in  con- 
junction with  the  Australian  Wool  Growers  Council. 

The  broker  furnishes  storage  space  for  holding  wool  and  show 
floors  for  displaying  auction  lots,  and  he  covers  the  wool  with 
insurance.  The  charge  for  this  service  appears  to  be  uniform.  He 
also  places  approximate  valuations  on  the  wool  a^  it  enters  his 
stores,  for  the  growers'  guidance. 

The  broker  prepares  catalogues  for  the  auction  sales,  listing  each 
consignment  offered  as  to  markings,  grade,  and  such  items,  and  in 
conjunction  wdth  other  brokers,  he  determines  the  time  of  each 
series  of  auction  sales. 

The  above  discussion  relates  to  the  business  as  between  an  indi- 
vidual producer  and  an  individual  broker  and  outlines  the  functions 
which  the  grower  may  expect  of  his  wool-brokerage  house.  There 
are  certain  matters  which  the  as3ociations  of  brokers  and  w^ool  pro- 
ducers (see  p.  32)  work  out  jointly,  in  a  meeting  of  the  two  bodies. 
These  are  as  follows : 

They  allocate  the  quantity  of  wool  to  be  offered  at  any  series  of 
sales  or  during  any  month  and  work  out  quantities  to  be  offered  by 
each  selling  center,  based  on  quantity  of  wool  held  in  such  centers 
on  a  percentage  basis.  Assume,  for  example,  that  150,000  bales 
were  to  be  offered  in  September  and  that  of  the  wool  in  store 
Sydney  held  one-half,  Geelong  one-fifth,  Brisbane  one-fifth,  and 
Adelaide  one-tenth.  Sydney  would  catalogue  75,000  bales,  Geelong 
and  Brisbane  each  30,000  bales,  and  Adelaide  15,000  bales.  This  allo- 
cation w^ould  be  further  subdivided  among  the  various  brokerage 
houses  operating  in  each  center  according  to  the  stocks  of  wool  held 
by  them. 

They  deterjnine  the  time  of  sales  and  the  period  through  which 
they  may  run.    This  period  generally  covers  about  seven  months. 
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They  arrive  at  some  basis  for  financing  the  clip,  depending  on  its 
character  and  other  factors. 

The  National  Council  of  Wool-Selling  Brokers  and  the  Wool  Buy- 
ers' Association  are  voluntary  organizations  and  have  no  Govern- 
ment supervision  or  control.  Agreements  reached  may  be  changed 
from  time  to  time  as  the  exigencies  of  the  business  may  demand. 

The  National  Council  of  Wool-Selling  Brokers  determines:  (1) 
The  brokerage  fee  charged;  (2)  storage  and  insurance  rates;  and  (3), 
conjointly  with  the  wool  buyers,  the  terms  of  sale. 

The  wool  sellers'  and  the  wool  buyers'  associations  are  governed 
by  rules  arrived  at  jointly,  the  more  important  of  which  are  as 
follows : 

SHOWING  THE  SAMPLE  BALES 

All  sample  bales  must  be  shown  on  top  floors  only  and  must  be 
properly  lighted  and  so  placed  as  to  permit  alleys  for  inspection 
sufficiently  wide  for  easy  access  to  the  wool — 5  feet  6  inches  on  double 


Figure  18. — Interior  of  wool-display  loft.  Wool  opened  for  inspection  and  buyers 
examining  offered  lots  to  determine  values.  (Courtesy  Dalgety  &  Co.,  Sidney, 
N.  S.  W.) 

rows  and  3  feet  9  inches  on  single  rows  being  the  minimum  width ; 
also  a  certain  percentage  of  each  sample  lot  shown  must  be  opened 
for  inspection  in  such  a  manner  as  to  permit  the  removal  of  an  entire 
fleece.     (Fig.  18.) 

PERCENTAGE  OF  SAMPLE  BALES  TO  ENTIRE  LOT 

In  5  to  10  bale  lots,  3  bales  are  shown ;  20  per  cent  of  lots  over  10 
and  under  20  bales ;  15  per  cent  of  lots  of  20  bales  or  over  and  under 
100  bales;  and  10  per  cent  of  lots  of  100  bales  or  over.  The  bales 
are  drawn  at  random  so  that  they  may  more  fairly  represent  the 
entire  lot.  For  bales  not  carrying  the  original  brand  of  the  grower, 
a  greater  percentage  of  the  lot  must  be  shown. 


QUANTITIES   OFFERED 


The  offerings  are  divided  into  two  classes — large  lots  consisting  of 
5  bales  or  more  of  one  type  of  wool,  and  star  lots  of  4  bales  or  under. 
These  classes  of  wool  are  catalogued  separately  and  are  sold  on  dif- 
ferent floors  in  the  auction  room.     Under  certain  conditions  it  is 
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permissible  to  combine  two  or  more  lots  of  the  same  type  and  grade 
from  different  owners  so  as  to  make  large  lots.  In  this  event  all 
original  marks  or  brands  must  be  kept  intacti.  This  practice  is 
called  interlotting.  A  bale  must  weigh  at  least  200  pounds  grease 
wool. 

MISBRANDING  OR  FALSE  PACKING 

Any  lot  that  shows  evidences  of  misbranding  or  false  packing  must 
be  withdrawn  from  the  sale. 

REPACKED  OR  RECONDITIONED  WOOL 

Repacking  or  reconditioning  must  not  be  done  by  the  broker  who 
sells  the  wool  but  is  done  at  separate  stores  under  authorized  classers, 
and  the  wool,  when  placed  on  sale,  is  designated  as  having  been 
classed  or  reclassed  at  such  authorized  place. 

Small  lots  may  be  so  classed  and  the  wool  of  various  owners  com- 
bined to  make  uniform  lots.  It  is  then  sold  as  reconditioned  wool 
and  bears  some  distinctive  brand  to  identify  it.  In  such  cases 
growers  are  credited  with  the  quantity  of  wool  of  each  type  or  grade 
which  they  contribute  to  the  lot  and  are  paid  according  to  prices 
received  for  the  various  grades. 

A  roster  of  sales  for  each  sale  series,  showing  sales  for  two  suc- 
ceeding days,  is  approved  and  exhibited  in  the  auction  room.  Cata- 
logues of  wool  to  be  offered  at  a  sale  must  be  delivered  to  the  buyer's 
offices  by  4  o'clock  on  the  day  previous  to  the  sale.  This  catalogue 
sets  out  in  detail  the  markings,  type,  and  description  of  each  of  the 
lots  offered.  Only  wool  actually  in  the  store  may  be  offered  for  sale. 
Wool  withdrawn  on  account  of  misrepresentation  in  branding  or 
false  packing  must  be  repacked  at  a  reconditioning  store  before  be- 
ing offered  again. 

Wool  is  not  permitted  to  come  up  for  auction  more  than  twice  in 
one  season,  nor  can  it  be  transferred  to  another  broker  for  sale  after 
a  bid  has  been  rejected.  If  the  wool  is  not  sold  after  being  offered 
the  second  time,  it  must  be  disposed  of  privately.  No  wool  can  be 
offered  at  private  sale  unless  it  has  been  first  offered  at  auction,  and 
then  not  until  the  last  bidder  has  been  notified  in  writing  and  given 
an  opportunity  to  purchase  the  lot  at  the  reserve  prices.  From  two 
to  three  days'  time  is  granted  the  bidder  in  which  to  make  his  decision. 

Bidding  is  done  orally,  and  after  the  initial  bid  all  bids  must  ad- 
vance at  least  a  farthing  (one-half  cent)  a  bid.  Sales  are  put 
through  very  rapidly,  averaging  around  400  lots  an  hour.  The  auc- 
tion room  is  provided  in  some  central  building,  and  seats  are  assigned 
to  buying  representatives  each  season.  These  seats  are  allotted  on 
the  basis  of  previous  years'  purchases. 

Sales  are  made  on  guaranty  that  outweights  shall  total  or  exceed 
inweights.  The  inweight  is  the  amount  invoiced  to  the  buyer,  how- 
ever, unless  outweights  are  demanded. 

The  buyer  is  allowed  three  days  in  which  to  pay  for  the  wool  and 
remove  it  from  the  store.  After  this  period  storage  charges  are 
made,  and  a  fee  is  granted  the  selling  broker  for  delivery  of  the 
wool.  An  allowance  of  1  pound  tare  to  each  112  pounds  is  made  to 
the  buyer  and  lli/^  pounds  is  allowed  for  each  bale.    This  tare  allow- 
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ance  of  one  pound  is  an  old-established  custom  and  really  amounts  to 
almost  1  per  cent  discount,  as  most  wool  gains  in  weight  at  seaboard 
and  is  purchased  on  inweights. 

In  the  event  of  a  dispute  as  to  a  sale,  the  matter  is  left  to  an  umpire 
or  arbitrator,  and  his  decision  is  final. 

As  will  be  seen,  the  selling  of  wool  is  closely  guarded  on  both  sides 
and  has  in  the  main  worked  out  very  satisfactorily,  as  the  tremendous 
stocks  available,  the  wide  selections,  and  the  generally  high  quality 
of  the  clip  serve  to  attract  buyers  from  all  parts  of  the  world.  At  a 
sale  in  1927  buyers  from  France,  Japan,  Germany,  England,  Russia, 
Belgium,  and  the  United  States  were  seen.  Under  such  competition 
the  system  of  auction  selling  of  wool  is  likely  to  obtain  the  best 
possible  values.  Figure  19  shows  average  prices  received  for  greasy 
wool  in  Australian  centers  during  the  1926-27  season. 
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Figure    19.— Average    Price   per    Pound   of   Greasy   Wool,    Australian 
Centers,  1926-27  Season 

Quality  of  the  clip  going  to  these  markets  is  reflected  in  the  different  price  levels 
for  the  same  periods. 

COSTS  OF  MARKETING 

In  determining  the  cost  of  handling  wool  in  Australia  a  wide 
variation  in  transportation  costs  appears.  In  some  sections  wool 
is  transported  long  distances  to  the  railroad,  packed  on  the  backs  of 
camels;  in  other  sections  bullock  or  ox  trains  are  used;  in  some 
sections  horses  are  used  (fig.  20),  such  outfits  usually  hauling  about 
10  tons  of  wool  at  a  loach;  in  a  few  sections  motor  trucks  are  used. 
The  railroad  freight  varies,  and  because  of  the  multiplicity  of  gauges 
found  in  the  railroads  transshipment  may  add  considerably  to  the 
charges.  Most  stores  are  so  located  as  to  have  either  an  in  or  an  out 
trucking  charge,  and  in  some  cases  both  are  necessary.  Certain 
rates,  such  as  brokerage  fees  and  insurance,  are  fixed  and  are  uniform. 

The  following  schedule  of  charges  was  eifective  in  1927: 

Brokers'  sales  commission  on  clips  valued  at  $1,000  or  less,  2%  pt'r  cent;  on 
clips  valued  at  $1,001  to  $2,500,  11/2  per  cent ;  and  on  clips  valued  at  more  than 
$2,500,  114  per  cent. 
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Warehousing  charges  were  $1.75  a  bale ;  $0.75  a  butt,  half-bale  or  bale  under 
200  pounds ;  and  $0.25  a  bag  or  small  pack. 

Insurance,  l^^  per  cent. 

Bulk  classing,  li/i>  cents  a  pound.  This  process  consists  of  the  entire 
operation  of  classing. 

Reclassing,  or  sorting  wool  already  classed,  one-half  cent  a  pound. 

Wool  bales,  IIV2  pounds  each,  costing  from  $1.20  to  $1.65  a  bale. 

As  an  illustration  of  marketing  costs,  three  typical  clips  with  an 
average  haul  of  about  250  miles  to  the  store  were  selected,  and  the 
selling  charges  were  tabulated.  These  clips  were  large  enough  to 
obtain  the  lowest  commission  rates.  The  cost  of  marketing,  expressed 
in  cents  per  pound,  is  shown  in  Table  3.  The  charges  were  based  on 
wool  worth  20  pence  (40  cents)  a  pound,  which  was  almost  the  exact 
average  of  the  three  clips. 


Figure  20. — Australian  vviol  \\.i.i;un  and  team 
Table  3. — Cost  of  marketing  Australian  wool  of  three  ti/pieal  clips,  1927^ 


Item 

Per 

pound 

Item 

Per 
pound 

Cents 
0.5 
.5 
.0 
.6 
.4 

Freight  (average  haul  of  three  clips).. 

Delivery  to  and  from  warehouse 

Total 

Cents 
1.0 

Bales 

.5 

Insurance.- .. 

4.1 

Tare  (deducted  from  grower) 

1  These  charges  were  based  on  wool  worth  20  pence  (40  cents)  per  pound. 

On  lots  of  wool  under  $1,000  in  value  the  brokerage  charge  for 
wool  of  the  above  value  would  be  1  cent  a  pound  instead  of  one-half 
cent,  which  would  increase  the  total  handling  charges  to  4.6  cents 
a  pound,  cost  of  delivery  to  railroad  station  not  included.  The  cost 
of  marketing,  exclusive  of  freight,  is  from  3  cents  to  3i/^  cents  a 
pound,  on  wool  valued  at  40  cents  a  grease  pound,  depending  on  the 
size  of  the  clip.  It  is  generally  said  among  growers  that  it  requires 
10  per  cent  of  the  value  of  the  clip  to  sell  it,  exclusive  of  shearing 
and  delivery  to  railroad,  which  corresponds  closely  to  the  above 
figures. 
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COOPERATIVE  MARKETING 

A  considerable  volume  of  wool  is  being  marketed  through  coopera- 
tive channels  in  Australia.  Chief  among  these  are  the  Farmers  and 
Graziers  Cooperative  G.  I.  &  A.  Co.  (Ltd.)  and  the  Country  Pro- 
ducers Selling  Co.  (Ltd.),  Sydney,  New  South  Wales;  the  Queens- 
land Primary  Producers  Cooperative  Agency  (Ltd.),  of  Queensland; 
the  South  Australian  Farmers  Cooperative  Union  (Ltd.),  of  South 
Australia;  the  Westralian  Farmers  (Ltd.),  of  West  Australia;  the 
Victorian  Producers  Cooperative  Co.  (Ltd.),  of  Victoria,  and  the 
McTaggart  Primary  Producers  Cooperative  Association  (Ltd.),  of 
Queensland.  The  development  of  these  seven  cooperative  wool  brok- 
erage associations  has  been  comparatively  recent.  Their  business  in 
1926  is  shown  in  Table  4. 

Table  4, — Wool  handled  hy  seven  Australian  cooperative  associations  in  1926 


Association 


Farmers  and  Graziers  Cooperative  G.  I.  &  A.  Co.  (Ltd.) 

Country  Producers  Selling  Co.  (Ltd.) 

Queensland  Primary  Producers  Cooperative  Agency  (Ltd.)... 
McTaggart  Primary  Producers  Cooperative  Association  (Ltd.) 

Victorian  Producers  Cooperative  Co.  (Ltd.) 

Westralian  Farmers  (Ltd.) 

South  Australian  Farmers  Cooperative  Union  (Ltd.) 

Total 


Wool  handled- 


By  as- 
sociation 


Bales 
143,  328 
69,  442 
66,  599 
2,135 
35,  858 
15,  368 
12,  775 


345.  505 


In  State 


Bales 
1, 187, 348 

316,  640 

409,  623 
136,  094 
234,  652 


Percent- 
age of 
State 
total 
handled 
by  as- 
sociation 


Per  cent 
r         12.1 

L  5.8 

r  21.0 
I  .7 

8.8 
11.3 

5.4 


15.1 


Data  obtained  from  the  Australian  Wool  Brokers'  Association,  except  for  McTaggart  Primary  Producers 
Cooperative  Association  which  were  taken  from  Dalgety's  Annual  Wool  Review  for  Australasia  {6,  p. 
166-167). 


These  cooperatives  handled  more  than  100,000,000  pounds  of  wool 
in  1926.  When  it  is  remembered  that  the  firms  engaged  in  selling 
wool  have  had  many  years  of  established  business  and  that  they  fre- 
quently control  the  marketing  of  the  larger  clips  and  produce  great 
quantities  on  their  own  stations,  the  work  of  the  cooperatives  stands 
out  as  a  distinct  achievement. 

Cooperative  organizations  in  Australia  are  operated  on  the  same 
lines  as  are  private  brokerage  houses.  Membership  is  incident  to  the 
holding  of  stock  in  the  concern.  The  stock  is  listed  usually  at  1 
pound  sterling  per  share,  with  a  minimum  of  10  shares  and  a  maxi- 
mum of  1,000  shares  to  be  owned  by  any  one  member.  A  cash  divi- 
dend on  stock  is  declared,  which  is  limited  by  law  to  8  per  cent,  and 
the  accruing  profits,  or  savings,  in  addition  go  to  surplus  or  patron- 
age dividends.  Nonmembers  may  use  the  organization,  and  such 
business  is  sought;  they  do  not  participate  in  the  patronage  divi- 
dends, but  handling  charges  of  cooperatives  may  be  less  than  those 
of  competing  agencies.  The  general  estimate  is  that  cooperatives 
save  about  25  per  cent  in  selling  costs. 

Another  factor  that  contributes  to  the  success  of  the  cooperatives 
is  that  the  private  brokerage  houses  had  determined  at  one  time  to 
raise  certain  handling  charges  and  were  prevented  only  through  the 
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cooperatives'  refusal  to  agree  to  the  policy.  It  is  claimed  locally 
that  this  increase  would  have  added  annually  $1,400,000  in  expense  to 
the  growers  of  Australia.  Cooperatives  are  also  encouraging  the 
central  classing  and  interlotting  system  and  are  obtaining  good  results 
from  the  practice.  It  is  believed  that  such  classing  enhances  the 
grower's  clip  from  2  to  4  cents  a  pound  above  the  cost  of  operation. 

No  wool  is  held  under  contract,  as  the  business  is  purely  voluntary. 
Most  cooperative  leaders  favor  a  contract  system  and  say  it  is  only 
a  question  of  time  before  they  will  operate  on  that  basis,  but  growers 
do  not  seem  quite  ready  to  accept  a  contract  yet. 

There  is  much  evidence  that  the  Australian  wool  producer  is  think- 
ing seriously  of  some  concerted  movement  toward  stabilization  of 
prices  of  wool.  The  great  increase  in  land  value  during  recent  years 
and  the  corresponding  increase  in  taxes  have  reached  the  point  where 
the  land  required  to  support  a  sheep  is  valued  at  $30  to  $40.  Labor 
regulations  as  to  wages  to  be  paid  and  accommodations  to  be  fur- 
nished have  also  shown  a  continuous  increase.  The  new  basic  wage 
scale  of  £4.4s.  a  week  (or  slightly  over  $20)  applies  to  all  station  help 
.for  ordinary  labor;  shearing  and  classing  services  come  even  higher. 
Drovers*  rates  are  equivalent  to  $5.75  per  day.  Drought  conditions 
may  add  enormously  to  the  grower's  carrying  costs,  and  he  reasons 
that,  producing  as  he  does  one-half  of  the  better-type  wool  of  the 
world,  he  should  be  in  a  position  to  have  something  to  say  as  to  its 
price.  In  1925  an  effort  was  made  to  launch  a  controlled  plan  of 
marketing,  similar  to  that  recommended  by  Sir  John  Higgins  in 
1922.  The  promoters  of  the  plan  failed,  by  a  small  margin,  to  obtain 
the  requisite  number  of  supporters,  66%  per  cent  of  all  sheep  owners. 
Opposition  was  again  registered  by  large  private  brokerage  houses. 

Men  who  are  generally  recognized  as  efficient  station  managers 
state  that  their  annual  income  will  not  exceed  5  to  6  per  cent  on  their 
properties  and  that  no  further  reduction  in  wool  prices  can  take  place 
without  ruining  the  industry.  The  great  expansion  in  sheep  holdings 
in  recent  years  has  furnished  a  fairly  good  market  for  excess  stock. 
Should  that  market  be  curtailed,  however,  the  income  to  the  stations 
would  be  reduced,  as  mutton  is  very  cheap.  The  organization  of 
growers  is  bringing  about  a  more  concerted  plan  of  action,  and  the 
next  few  years  may  see  the  crystallization  of  a  nation-wide  marketing 
program,  grower  controlled  at  least,  if  not  grower  operated- 

ADVANTAGES  AND  DEFECTS  OF  PRESENT  AUSTRALIAN  SYSTEM 
OF  WOOL  MARKETING 

ADVANTAGES 

The  chief  advantages  of  the  present  system  of  marketing  wool  in 
Australia,  as  revealed  by  the  present  study,  may  be  summarized  as 
follows : 

Classing  of  wool  provides  exactly  the  type  and  grade  which  the 
buyer  desires,  without  his  having  to  consider  the  resale  value  of 
"  off  sorts."  Some  other  concern  may  be  interested  only  in  wool  that 
is  not  useful  to  the  first  purchaser,  and  each  party  will  pay  more  for 
the  wool  which  is  just  what  he  wants.  For  example,  a  mill  inter- 
ested in  staple  wool  may  have  no  use  for  the  percentage  of  clothing 
wool  found  in  cases  in  which  the  entire  fleece  is  put  up  together ;  an- 
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other  buyer  may  want  only  clothing  wool ;  or  one  mill  may  want  only 
wool  free  from  burs,  whereas  another  may  not  be  so  exacting.  All 
wool  is  classed  before  it  enters  the  process  of  manufacture,  and  mills 
that  purchase  unsorted  or  unclassed  wool  must  make  estimates  on 
"  off  sorts  "  sufficiently  high  to  make  themselves  safe  and  allow  for 
extra  expense  and  transportation  costs  in  the  disposition  of  such  wool. 
All  of  these  charges  come  out  of  the  grower's  returns  and  could  be 
eliminated  by  classing  wool  before  it  is  sold  to  mills. 

The  handling  of  wool  by  marketing  firms  on  a  brokerage  basis  tends 
to  react  to  the  grower's  advantage.  Such  firms  are  dependent  upon 
the  good  will  of  their  clients  for  continuation  in  business  and  so  must 
render  efficient  service  at  fair  rates. 

The  understanding  between  growers'  and  brokers'  associations  as 
to  the  quantity  of  wool  to  be  offered  from  time  to  time  prevents,  to 
some  extent,  market  gluts  and  resultant  price  drops.  It  also  gives 
the  producer  some  voice  in  the  sale  of  his  product. 

The  auction-sale  system,  as  developed  in  Australia,  is  perhaps  the 
best  that  could  be  devised  for  such  a  country,  as  wool  is  a  product 
that  is  almost  wholly  exported  (less  than  5  per  cent  is  manufacture^ 
locally),  and  which  commands  the  attention  of  the  whole  textile 
world  on  account  of  its  volume  and  quality.  This  provides  an 
abundance  of  competition  for  all  of  the  various  sorts  of  wool  pro- 
duced, and  sales  generally  reflect  the  world's  current  values.  Hold- 
ing the  sales  at  the  point  of  origin  permits  the  closest  and  cheapest 
delivery  of  the  product  to  any  purchasing  country,  without  added 
charges. 

The  education  of  boys  in  the  technical  side  of  sheep  and  wool 
production  and  classing  in  agricultural  and  technical  schools,  pro- 
vides a  great  number  of  men  who  are  capable  of  preparing  wool 
for  market  and  of  intelligently  breeding  sheep.  This  assures  a  con- 
stant supply  of  trained  men  for  every  branch  of  the  business. 

The  classing  of  his  wool  and  its  subsequent  comparative  value 
affords  the  producer  an  index  to  his  breeding  operations  which  should 
be  of  great  benefit  to  him. 

The  number  of  wool-brokerage  houses  engaged  in  handling  wool 
are  few,  thus  affording  a  good  volume  of  business  for  each  and  the 
corresponding  advantages  of  better-trained  men,  wider  trade  con- 
tacts, and  lower  overhead  expense.  Only  25  houses  were  reported 
by  Dal^ety  {6,  p.  166-167)  as  operating  in  marketing  the  1926-27 
Australian  wool  clip;  of  these,  10  concerns  handled  80  per  cent  of 
the  business.  In  the  United  States  over  400  central  dealers  and  a 
large  number  of  local  buyers  are  employed  in  buying  and  disposing 
of  a  wool  clip  one-third  the  size  of  that  in  Australia. 

DEFECTS 

The  financing  of  the  grower  tJirough  his  broker  gives  the  latter 
considerable  control  over  the  grower's  product.  Some  system  of 
financing  such  as  has  been  developed  in  the  United  States  would  give 
the  grower  greater  freedom  and  would  thus  hasten  cooperative 
effort. 

The  plan  of  offering  wool  at  auction  in  the  order  of  its  arrival 
at  the  store  is  not  always  practicable.  Wool  of  certain  types  may  be 
in  demand  at  certain  seasons,  and  if  not  offered  at  such  times  it  may 
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sell  at  a  reduction  or  may  have  to  be  carried  over  to  a  much  hiter 
date  for  a  favorable  market.  Mills  may  be  urgently  in  need  of 
certain  kinds  of  wool,  and  if  it  is  not  available  at  the  time  they  must 
turn  elsewhere  for  a  supply  or  must  substitute  other  wool.  This 
deprives  the  producer  of  his  best  market.  Some  plan  of  offering  a 
complete  line  at  all  leading  sales  series  should  be  evolved.^^ 

Classing  at  the  station  is  not  always  uniform.  Classers  may  allow 
broad-fibred  or  coarse  wool  to  be  baled  with  finer  grades,  especially 
in  small  clips.  A  few^  such  fleeces  reduce  the  sale  price  of  the  entire 
lot.  Central  classing  or  conditioning  plants  should  handle  all  of  the 
small  clips  and  perhaps  a  good  proportion  of  the  larger  ones,  in 
order  to  provide  uniform  lines  in  large  quantities. 

It  is  questionable  if  the  best  results  can  be  obtained  by  permitting 
the  grower  to  fix  his  price  limit  as  an  individual.  The  individual 
grower  knows  little,  if  anything,  about  world  wool  markets  and 
demand,  nor  is  he  in  a  position  to  keep  himself  fully  informed. 
Such  limitations  might  better  be  fixed  by  experts  in  the  growers' 
employ,  who  are  thoroughly  familiar  with  wool  and  markets.  Fixing 
a  limit  on  a  lot  of  wool  to  be  offered  some  months  later  is,  at  best, 
a  hazardous  guess,  and  a  committee  empowered  to  fix  limits  just  prior 
to  actual  offerings  of  the  wool  would  expedite  sales  and,  in  a  measure, 
stabilize  values,  lleserve  limits  should  be  uniform  at  all  selling 
centers  for  uniform  grades  of  wool. 

NEW  ZEALAND 

TOPOGRAPHY 

New  Zealand  is  a  mountainous  country  of  volcanic  origin  100  to 
150  miles  in  average  width  and  about  1,000  miles  in  length.  It  is 
divided  by  a  narrow  channel  into  two  islands,  the  North  Island 
and  the  South  Island.  At  the  southern  extremity  is  located  a  small 
island  called  Stewait,  but  this  is  of  little  importance  to  the  sheep 
industry  of  the  country. 

In  the  North  Island  the  mountain  ranges  are  not  high  and,  roughly 
speaking,  they  extend  lengthwise  near  the  center  of  the  island.  Here 
dairying  is  the  major  project,  and  sheep  production  is  confined  to 
breeds  adapted  to  heavy  rainfall  or  lowlands.  The  Romney  has 
proved  itself  admirably  adapted  to  such  conditions,  and  this  breed 
or  its  crosses  comprise  the  majority  of  the  sljeep  found  at  present 
on  the  island.  The  favorite  cross  is  the  Romney-Lincoln  or  Leicester. 
The  result  is  a  long-stapled  wool,  rather  coarse  in  fiber  and  grading 
about  one-fourth  blood  or  lower — that  is,  42's  to  46's. 

In  the  South  Island  the  mountains  are  higher,  reaching  an  eleva- 
tion of  12,000  feet,  and  they  He  toward  the  west  coast.  Coming  from 
the  east  coast  of  the  South  Island  toward  the  west  one  gradually  as- 
cends a  very  fertile  slope  called  the  Canterbury  Plains  until  an  eleva- 
tion of  900  to  1,000  feet  is  reached.  The  country  then  becomes  more 
rolling  and  the  "  low  hill "  section  is  encountered.  This  section  re- 
sembles the  low  foothills  of  the  Appalachian  Mountains  and  is  gen- 

"  Since  this  bulletin  was  preptft-ed  information  has  been  received  to  the  effect  that  the 
situation  described  is  being  remedied  by  having  offered  all  available  types  of  wool  at 
leading  auctions. 
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erally  found  covered  with  a  very  palatable  native  grass,  which  comes 
in  after  the  bush  or  forest  growth  has  been  burned  off.  A  system  of 
burning  over  these  lands  every  few  years  to  keep  in  check  the  growth 
of  noxious  plants  and  weeds  as  well  as  to  promote  a  better  growth  of 
grass  is  generally  followed. 

Back  of  the  low  hill"  section  is  found  the  "rough  country,"  a 
series  of  high  hills  working  back  into  the  mountain  peaks.  The 
"  rough  country  "  is  at  present  witnessing  the  expansion  of  the  sheep 
industry  in  New  Zealand.  The  bush  is  being  burned  off  as  rapidly 
as  possible,  and  sheep  are  being  introduced.  This  entire  hill  section 
is  sometimes  referred  to  as  "  tussock  country."  It  may  range  from 
500  to  6,000  feet  or  more  above  sea  level.  The  higher  altitudes  are 
considered  summer  ranges,  and  on  these  the  sheep  are  run  during  the 
summer  months  of  October,  November,  December,  January,  and  Feb- 
ruary. For  winter  feeding  the  sheep  are  brought  down  to  "low 
hill  "  country  or  to  the  plains. 

The  generally  prevailing  west  winds  and  the  high  mountain  range 
on  the  west  coast  tend  to  make  a  fairly  light  rainfall  through  the 
tussock  country  and  the  upper  plain  section.  The  climate  is  moder- 
ate, except  in  the  extreme  south  of  the  island,  and  sheep  are  range- 
run  throughout  the  year.  Occasionally  alfalfa  or  some  clover  is 
planted  as  a  supplementary  crop  to  provide  hay  in  an  emergency  or 
for  grazing  purposes.  Large  fields  of  rape,  kale,  and  turnips  or  ruta- 
bagas are  common  and  are  used  to  finish  market  lambs,  for  this  is 
the  home  of  the  famous  "  Canterbury  lamb."  (See  p.  50.)  Oats  are 
grown  rather  extensively  and  are  cut  and  fed  with  the  straw. 

The  mild  winters,  the  abundant  supplies  of  natural  and  cultivated 
pasture  crops,  and  the  absence  of  practically  all  predatory  animals 
make  this  country  almost  ideal  for  the  sheepman.  The  comparatively 
dry  climate  of  the  eastern  part  of  the  South  Island  reduces  blowfly 
losses  to  a  minimum.  All  stations  are  under  fence;  herding  is  not 
required ;  the  sheep  are  rounded  up  or  "  mustered  "  only  about  four 
times  a  year  and  the  rest  of  the  time  are  given  only  casual  attention. 
Losses  from  predatory  animals  are  confined  to  an  occasional  attack 
by  the  kea,  or  mountain  parrot,  or  by  wild  pigs,  and  are  negligible. 
The  worst  pests  are  rabbits  and  deer,  which  eat  up  the  range.  Deei' 
have  become  such  a  nuisance  in  the  northern  part  of  the  South  Island 
that  a  bounty  of  50  cents  a  head,  or  rather  per  tail,  is  placed  upom 
them.  It  is  no  wonder  that  more  sheep  are  to  be  found  here  than  in 
any  similar  area  in  t!ie  world  or  that  the  country  is  referred  to  as 
"  a  sheepman's  paradise." 

DEVELOPMENT  OF  THE  SHEEP  INDUSTRY 

The  first  record  of  the  introduction  of  sheep  into  New  Zealand 
was  in  1733  ^^  when  Captain  Cook  shipped  two  Merino  rams  and 
four  Merino  ewes  from  Cape  Town,  South  Africa.  The  voyage 
required  117  days,  and  of  the  shipment  all  but  two,  a  ram  and  an 
ewe,  died  in  transit.  These  two  were  landed  on  the  South  Island 
in  Malborough  County  but  were  in  poor  health  and,  to  quote  Cap- 
tain Cook's  words : 

» 

"  Clark  :  shebp  raising  in  new  Zealand. 
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The  sheep  I  had  with  so  much  care  and  trouble  brought  to  this  place,  were 
both  found  dead,  occasioned  as  was  supposed  by  eating  some  poisonous  plant. 
Thus  my  hopes  of  stocking  this  country  with  a  breed  of  sheep  were  blasted  in 
a  moment. 

This  was  apparently  the  only  effort  toward  establishing  sheep  in 
New  Zealand  until,  in  1844,  a  flock  of  Merinos  was  introduced  from 
New  South  Wales  by  George  Clifford,  Frederick  Weld,  and  a  Mr. 
Varasour.  This  importation  was  successful,  others  were  made,  and 
the  permanency  of  the  sheep  industry  in  New  Zealand  was  assured. 
In  1841  there  was  an  importation  of  TOO  head  of  Shropshires,  but 
little  came  of  this  initial  introduction  of  mutton-bred  sheep. 

BREEDS  OF  SHEEP  AND  FLOCK  MANAGEMENT 

At  first  the  Merinos  (fig.  21)  were  the  only  sheep  to  be  found  in 
any  great  number  in  the  country,  but,  as  they  were  not  suited  to  the 


Tmglx^mism 


Figure  21. 


-Type  of  Merinos  found  in  Mailborougii  County,  northern  part  of  South 
Island,  New  Zealand 


heavy,  low-lying  plains,  English  breeds  were  introduced.  The  first 
of  these  were  Leicesters,  imported  in  1853,  followed  by  Border 
Leicesters  in  1859,  Lincolns  and  Romneys  about  the  same  time,  and 
Southdowns  in  1863.  As  wool  was  the  main  consideration.  Merinos 
were  predominant  until  refrigeration  was  introduced  in  1882,  since 
which  time  the  mutton  breeds  or  crossbred  Merino  and  mutton 
breeds  have  become  the  leaders  in  sheep  husbandry.  Although,  in 
1882,  90  per  cent  of  the  New  Zealand  wool  was  classed  as  Merino, 
it  is  estimated  locally  that  to-day  only  about  5  per  cent  falls  into 
this  class.  The  remaining  95  per  cent  is  crossbred  wool  of  varying 
degrees  of  fineness,  or  pure-bred  and  longwool  types. 

The  North  Island  of  New  Zealand  has  become  a  highly  specialized 
dairy  district.  Sheep  are,  therefore,  not  so  widely  distributed  as  in 
the  South  Island  and  are  different  in  type,  largely  because  of  different 
soil  and  climatic  conditions.  Here  the  Romney  Marsh,  Leicesters,  and 
Lincolns  predominate,  with  the  Romney  Marsh  in  the  majority. 
These  breeds  were  developed  in  England  on  low,  rich  land  having  a 
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fairly  heavy  rainfall,  and  so  they  are  at  home  under  similar  condi- 
tions in  New  Zealand.  The  Romney  leads  all  breeds  in  New  Zealand 
and  has  been  materially  changed  in  type  since  coming  into  the  coun- 
try. Sheep  breeders  have  made  persistent  efforts  to  develop  a  utility 
sheep  giving  maximum  returns  under  local  conditions,  rather  than 


Figure  22. — Corriedale  ewe  lambs  about  8  months  old 

conforming  to  certain  characteristics  \Vhich  are  called  "  breed  type  " 
and  which  depend  mainly  on  things  of  minor  importance.  The  New 
Zealander,  in  order  to  find  a  breed  best  adapted  to  conditions  and 
markets  which  he  must  meet,  has  even  gone  so  far  as  to  evolve  a  dis- 
tinct breed  through  a  cross  of  long  wool  and  fine  w^ool  sheep  and  then, 


Figure  23, — Corriedale  ram  lambs 

through  inbreeding,  he  has  fixed  the  type  desired.  This  breed  is 
called  Corriedale,  taking  its  name  from  the  station  upon  which  it 
was  developed.     (Figs.  22  and  23.) 

The  keen  interest  of  the  New  Zealand  grower  in  types  and  breeds 
is  evidenced  by  the  extensive  sheep  shows  which  are  held.  Figure 
24  shows  an  example  of  such  an  exhibition. 
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According  to  a  recent  census,  the  sheep  in  New  Zealand  are  classi- 
fied in  Table  5.  This  shows  a  total  of  24,900,000  sheep,  of  which  a 
great  percentage  falls  into  the  crossbred  class.  Figures  for  1927 
show  an  increase  of  about  600,000  head  in  the  above  total,  mainly  in 
crossbred  classes. 


Table  5. — SJieep  in  New  Zealand  flocks,  hy  class,  April,  1926 


Class 

North 
Island 

South 
Island 

Total 

Stud  sheep  (entered  in  flock  book) : 

Number 

23 

12,190 

111,462 

798 

1,803 

1,430 

32,  573 

1,377 

1,469 

Number 
30,411 

1,593 
49,307 
22,991 
18,283 

4,168 
14, 191 
44,591 

5,782 

Number 
30,434 

Lincoln        .                                        .-.- - 

13,  783 

Romney                                                                                  

160,  769 

23,  789 

English  Leicester                                                   -     .. 

20,086 

Shropshire 

5,598 

46,764 

Corriedale                                       -                  

45,968 

Other  breeds 

7,251 

Total                                                                                  --  - 

163, 125 

191,317 

354, 442 

Sheep  of  a  distinctive  breed,  but  not  entered  in  flock  book: 

26,964 
74,226 
2,319,813 
11,028 
4,216 
6,413 
58,148 
50,787 
21,  614 
3,301 

917,  431 
27,956 

566,  613 

80,019 

54,625 

8,128 

22,684 

806,453 

1, 172, 345 

11,873 

944,395 

Lincoln - 

102, 182 

Romney                                                   --     - 

2,  886,  426 

91,047 

58,841 

Shropshire                                                           -.  -- 

14,541 

80,832 

Corriedale                            -  

857,240 

Half-bred                                                                  .    ... 

1, 193,  959 

Other  breeds 

15, 174 

Total 

2,  576,  510 

3,  668, 127 

6,  244, 637 

Flock  sheep:  i 

Crossbreds  and  others  not  otherwise  enuiiicratod 

11,090,615 

7,  215,  299 

18, 305, 914 

Total 

13,830,250 

11,074,743 

24, 904, 993 

New  Zealand  Official  Yearbook   (i/,  p.  ^70). 
Largely  of  the  Corriedale  type. 


This  crossbred  sheep  is  the  result  of  the  effort  of  the  sheepman  to 
meet  the  market  demand  for  j^rime  lambs  and  at  the  same  time  to 
secure  a  good  fleece  of  wool.  To  obtain  his  crossbred  he  first  mates 
Merino  ewes  with  Lincoln  or  Leicester  rams  and  saves  the  ewe 
progeny,  which  are  termed  "  half-breds."  (Fig.  25.)  The  produc- 
tion of  half-breds  goes  on  largely  in  the  higher  country  or  back  bush 
land,  and  here  the  grower  finds  he  can  not  carry  his  stock  through  the 
winter  months  for  lack  of  feed.  He  therefore  drafts  large  numbers 
of  his  half-bloods  and  disposes  of  them  to  the  farmers  who  occupy 
the  fertile  plains  regions,  who  do  not  breed  their  ewe  bands  but  buy 
as  need  may  arise.  These  sales  are  conducted  chiefly  by  auction  and 
in  the  late  summer  and  fall  months  of  February,  March,  and  April. 
Weekly  sales  are  held  at  many  points.  The  Christchurch  sales  are 
the  largest.  From  30,000  to  60,000  head  of  half-breds  change  hands 
weekly  during  the  above  period. 

The  half-bred  ewe  is  then  mated  with  a  Down  ram,  generally  South- 
down, though  Ryelands  are  becoming  more  popular,  and  the  result 
is  the  crossbred,  an  early  maturing  lamb  that  goes  to  the  freezing 
plant  at  60  to  65  pounds  live  weight.  The  half-blood  wether  lambs 
43544°— 29 4 
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are  disposed  of  in  a  similar  manner  and,  as  these  operations  are  car- 
ried on  largely  in  the  Canterbury  plains  section — although  the  prac- 
tice extends  to  other  sections  also — the  term  "  Canterbury  lamb  "  has 
been  applied  to  the  lambs  from  this  section.  These  lambs  are  finished 
rapidly  on  pasturage  crops  and  soiling  crops,  with  an  occasional  grain 
supplement.  The  ewes  are  kept  until  no  longer  profitable  and  are 
then  sent  to  market  with  the  lambs.  In  the  North  Island  it  is  a  com- 
mon practice  to  cross  the  half-bred  ewe  back  to  a  Romney  or  Leicester, 
getting  what  is  called  a  three-quarter-bred  sheep,  which  is  in  turn 
used  for  crossbreeding. 

The  average  flock  in  New  Zealand  is  about  1,000  head.  The 
tendency  in  recent  years  hasi  been  to  increase  the  number  of  sheep 
holders  but  to  decrease  the  average  size  of  the  flocks.  Comparatively 
few  lar2:e  flocks  are  now  found  on  the  islands. 


Figure  24. — Sheep  show  in  New  Zealand 

TYPES  OF  WOOL 

It  may  be  seen  readily  from  the  systems  of  breeding  and  manage- 
ment of  sheep  to  be  found  in  New  Zealand,  that  the  wool  must  vary 
widely  in  type  and  condition.  Figure  26  shows  a  Corriedale  ram  of 
approximately  the  type  which  is  the  aim  of  the  crossbreeding  de- 
scribed. But  when  the  British  Government  assumed  control  of  the 
wool  clip  during  the  World  War  and  established  a  schedule  of  grades 
and  types  it  carried  over  800  different  classifications,  ranging  from 
fine  Merino  wool  of  TO's  and  upward  down  to  Lincoln  w^ool  of  36's  or 
even  less,  with  all  the  variations  possible  between.  This  situation 
is  a  real  factor  in  working  out  a  scheme  of  marketing  as  the  greater 
the  number  of  grades  and  qualities,  the  greater  the  problem  of  dis- 
posing of  all  to  advantage;  furthermore,  nearly  all  of  this  clip 
must  be  exported  and  sold  in  competition  with  the  world's  produc- 
tion, as  mills  in  New  Zealand  take  only  a  very  small  portion  of  the 
clip.  In  1926,  with  a  wool  clip  of  223,884,479  pounds,  grease  basis, 
218,272,768  pounds  of  wool  was  exported  {11,  f.  Jfl2). 
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The  rather  promiscuous  crossbreeding  so  commonly  practiced  has 
a  tendency  to  produce  sheep  that  carry  very  uneven  fleeces,  and 
coarse  or  kempy  breeches  are  all  too  common,  especially  in  the  three- 
quarter  breeds.  This  type  of  wool  is  very  undesirable.  Such  fleeces 
must  be  heavily  skirted  to  remove  the  objectionable  parts,  and  the 
skirtings  must  be  sold  at  low  prices.  This  is  a  matter  to  which  the 
New  Zealand  wool  producer  is  giving  some  attention  at  present,  but 
so  long  as  the  system  of  crossbreeding  which  he  is  following  remains 
in  practice  it  is  doubtful  whether  much  progress  will  be  made  in  that 
direction. 

The  production  of  Merino  wool  is  confined  to  the  South  Island 
and  centers  largely  in  Marlborough  county,  well  to  the  northeastern 
part  of  the  island.  Here,  at  an  elevation  of  1,000  feet  and  upward, 
is  found  a  section  given  over  almost  exclusively  to  Merinos,  of  which 
almost  one-half  are  wethers  run  for  wool  production  only,  which 
are  disposed  of  when  advancing  age  shortens  the  staple  or  lightens 
the  weio^ht  of  the  fleece. 


Figure  25. — Half-bred,  or  Corriedale  type  of  brood  ewt's  in  New  Zealand 

The  Merino  found  here  is  plain  in  body  with  a  heavy  neck  and 
is  of  fairly  low,  compact  build.  As  one  breeder  remarked,  "  Our 
sheep  are  built  for  wear."  In  size  the  ewes  average  90  to  110  pounds 
and  rams  150  to  180  pounds.  A  sheep  of  extreme  size  is  objection- 
able, as  wool  yields  are  no  greater  and  more  feed  is  required.  Costs 
are  always  expressed  in  land  value.  The  sheepman  usually  says 
that  an  average-sized  Merino  sheep  requires  for  its  maintenance 
land  valued  at  about  7  pounds  sterling,  or  approximately  $35, 
and  the  larger  ones  cost  9  pounds,  or  about  $45.  Or,  to  make  the 
matter  plainer,  if  land  is  worth,  as  prices  go,  $35  an  acre,  it  should 
keep  one  Merino  sheep  in  good  condition  a  year.  If  it  will  support 
only  half  a  sheep  it  should  be  worth  $17.50  an  acre,  or  if  its  carry- 
ing capacity  were  two  sheep,  then  one  might  afford  to  pay  $70  an 
acre.  When  either  a  New  Zealander  or  an  Australian  is  asked  about 
cost  of  sheep  production,  the  answer  will  invariably  be  couched  in 
such  terms. 

Merino  wool  is  generally  classed  in  New  Zealand  as  from  60's  to 
64's,  though  a  few  flocks  of  Tasmanian  origin  and  breeding  show  70's 
to  80's.  Preference  is  given  to  the  coarser-fibered  sheep,  as  it  is  more 
rugged  and  shears  enough  additional  pounds  of  wool  to  more  than 
offset  any  slight  price  advantage  which  the  finer  wool  may  have. 
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The  better  types  of  crossbred  wool  produced  in  New  Zealand  are 
not  excelled  anywhere.  For  many  years  the  more  progressive  breed- 
ers have  paid  considerable  attention  to  improvement  of  the  wool  in 
crossbred  sheep,  as  wool  is  still  the  leading  product  of  the  country, 
financially  speaking.  For  the  year  ended  in  June,  1926,  wool  export 
values  were  quoted  as  17,739,736  pounds  sterling,  equal  to  about 
$86,000,000,  as  compared  with  frozen  meat,  11,174,567  pounds,  and 
butter  and  cheese,  16,040,940  pounds  sterling  (/i,  p.  983-981^).  Con- 
sidering the  fact  that  most  of  the  frozen  meat  was  lamb,  this  em- 
phasizes the  importance  of  the  sheep  industry  to  the  country,  and 
because  of  this,  much  thought  is  being  given  to  the  marketing  of 
frozen  meat. 


Figure  26. — Corriedale  ram  producing  25  pounds  of  56's  or  three-eighths  blood  wool 

MARKETING  OF  NEW  ZEALAND  WOOL 

New  Zealand  has  gone  further,  in  a  governmental  way,  to  aid  co- 
operative marketing  or  to  control  the  marketing  of  agricultural  prod- 
ucts than  have  most  countries.  Numerous  boards  have  been  created, 
members  of  which^  have  been  selected  from  producers  and  distribu- 
tors, in  addition  to  the  Government  representatives.  The  most  active 
of  these  have  been  the  Dairy  Control  Board  and  the  Meat  Control 
Board.  The  New  Zealand  Farmers'  Union,  at  its  meeting  in  August, 
1926,  asked  for  a  similar  control  board  for  wool,  which  might  look 
into  matters  pertaining  to  the  sheep  industry  and  regulate  handling 
charges  on  wool,  wool  sales,  and  other  similar  matters.  Such  a  board 
had  not  been  established  when  this  bulletin  went  to  press,  and  as  a 
result  of  the  present  difficulties  of  the  Dairy  Control  Board  in  at- 
tempting to  fix  butter  prices  in  the  London  markets,  many  of  the 
larger  sheep  owners  are  at  present  opposed  to  further  governmental 
regulation. 

When  the  British  Australian  Wool  Kealization  Association,  which 
controlled  wool  prices  in  all  British  possessions  during  the  war,  and 
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afterwards  until  surplus  stocks  were  disposed  of,  closed  its  operations 
at  the  end  of  1924,  the  Governor-General  of  New  Zealand  issued  an 
order  vesting  in  the  Minister  of  Agriculture  power  to  appoint  a — 

committee  to  consist  of  a  chairman  (who  shall  be  a  producer),  two  represen- 
tatives of  wool  brokei's,  two  representatives  of  wool  growers,  and  other  such 
l>ersons  as  he  may  from  time  to  time  decide,  to  hold  office  during  his  pleasure. 
The  wool  committee  may  from  time  to  time  determine  the  maximum  quan- 
tities of  w^ool  that  may  be  offered  for  sale  by  public  auction,  and  may,  with 
respect  to  any  specified  sale  by  public  auction,  fix  the  maximum  quantity  of  wool 
which  may  be  offered. 

The  order  further  provided  that  no  broker  should  offer  wool  at 
public  auction  except  by  and  with  the  consent  of  the  wool  committee 
and  under  its  regulations. 

This  committee  consists  of  five  members;  of  whom  two  are  nomi- 
nated by  the  New  Zealand  Sheep  Owners'  Federation ;  two  are  nomi- 
nated by  the  Wool  Brokers  Association ;  and  the  chairman,  who  is  a 
woolgrower,  is  nominated  by  the  Government. 

The  duties  and  powers  of  the  wool  committee  are  limited  to  regu- 
lating the  time  of  the  auction  sales  and  the  quantity  to  be  sold.  It 
has  no  jurisdiction  over  wool  sold  through  private  treaty,  nor  can  it 
officially  determine  values. 

A  certain  quantity  of  wool  is  still  sold  locally  by  growers.  Such 
wool  is  either  graded  or  classed,  and  is  either  turned  over  to  regular 
brokers,  who  sell  it  at  auction,  or  is  shipped  direct  to  mills.  This 
latter  practice  is  fast  disappearing,  however,  as  the  grower  who  sells 
by  auction  shows,  one  year  as  compared  with  another,  an  advantage 
over  the  one  who  sells  locally.  Those  who  have  watched  the  matter 
carefully  say  that  the  local  seller  has  the  advantage  over  the  auction 
seller  about  one  year  in  four,  and  that  he  takes  a  loss  the  other  three 
years.    This  is  the  same  ratio  as  that  given  by  the  Australian  growers. 

Wool  classing  in  New  Zealand  is  similar  to  that  in  Australia.  Be- 
cause of  the  smaller  average  size  of  the  flocks,  however,  it  is  not 
customary  to  make  as  many  sorts  as  in  Australia.  The  wool  is 
skirted.  Belly  wool  is  kept  to  itself,  as  are  the  leg  wool,  neck  wool, 
breech  wool,  and  crutchings.^-*  These,  with  the  small  bits  of  good 
wool  which  drop  from  the  fleece  in  classing,  constitute  the  grades  as 
wool  comes  from  the  farms.  Therefore  the  following  classification  is 
generally  found:  (1)  Skirted  fleece  marked  according  to  grade;  (2) 
bellies;  (3)  necks;  (4)  pieces;  (5)  breech  wool;  (6)  crutchings  or 
tags. 

This  classing  is  done  only  in  the  very  large  holdings ;  usually  about 
all  that  is  done  with  the  smaller  clips  is  to  remove  the  belly  wool,  the 
seedy  or  burry  portions,  and  the  crutchings.  Each  sort  is  packed  in 
a  separate  bale  and  is  labeled  with  the  brand  of  the  owner  and  the 
character  of  the  bale.  The  bales  weigh  about  400  pounds  each  and 
are  packed  in  a  specially  constructed  press.  Many  of  the  owners  of 
smaller  flocks  make  no  effort  to  class  their  wool  but  pack  it  lightly  in 
bales  and  bring  it  to  the  brokers'  warehouse,  where  it  is  opened  and 
classed  and  mingled  with  wool  of  similar  type  and  grade  to  be  re- 
packed under  some  name  adopted  by  the  broker.  This  is  called 
"  binning,']  and  the  process  is  similar  to  that  followed  by  cooperative 
wool  associations  in  the  United  States  with  regard  to  small  lots,  save 

"  Wool  removed  in  tagging  out  sheep. 
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for  the  opening  of  the  fleece.     In  New  Zealand,  as  in  Australia,  all 
fleeces  are  classed  in  the  binning  process. 

It  frequently  happens  that  the  grower  has  less  than  3  bales  of  any 
one  description  in  his  clip,  or  in  the  portion  of  his  clip  delivered  at 
a  particular  time.  In  such  cases  the  broker  may  combine  the  wool 
with  other  wool  of  similar  type,  in  order  to  make  a  lot  large  enough 
to  attract  a  buyer-  Such  a  practice  is  called  interlotting,  and  the 
sale  price  of  the  entire  quantity  is  pooled  among  the  growers  partici- 
pating in  it.  The  smallest  quantity  Avhich  the  broker  will  sell  is  3 
bales;  and  this  is  called  a  star  lot.  Interlots  consist  of  7  or  more 
bales. 

After  the  clip  has  been  sheared,  it  is  removed  to  the  sales  floor  of 
the  broker  at  the  grower's  convenience.  Wool  is  weighed  on  entering 
the  sales  floor  but  is  settled  for  on  outweight,  except  for  the  allowance 
of  1  pound  shrinkage  for  each  112  pounds  of  wool. 

Sales  are  made  in  the  order  of  the  arrival  of  the  wool.  That  first 
entering  the  storeroom  is  sold  first.  After  the  w^ool  committee  has 
agreed  on  the  time  of  sales  and  the  extent  of  offerings,  the  broker's 
expert  places  valuations  on  the  various  lots  according  to  quality  and 
world  prices.  The  large  producer  is  notified  as  to  the  valuations,  and 
the  small  producer's  interests  are  cared  for  by  the  wool  committee. 
In  the  event  the  valuation  does  not  come  up  to  the  grower's  ideas  of 
value,  he  may  put  a  price  limit,  or  upset  price,  on  his  clip.  If  the 
w^ool  does  not  reach  this  price  it  is  passed  by,  to  be  offered  again  later, 
but  only  after  all  wool  then  in  store  has  had  a  chance  through  the 
auction;  or  the  broker  may  offer  the  wool  at  private  sale,  subject  to 
grower's  consent.  No  wool  can  be  sold  at  private  sale  unless  it  has 
first  been  offered  at  auction. 

Shortly  before  the  day  of  the  sale  the  broker  makes  a  catalogue  of 
the  lots  offered,  and,  in  the  event  that  more  than  one  broker  is  operat- 
ing, the  quantities  to  be  sold  are  apportioned  according  to  the  respec- 
tive quantities  held  in  store  as  compared  with  the  quantity  to  be 
offered. 

Sample  bags  are  drawn  from  the  lots  to  be  sold  and  are  taken  up 
and  opened  for  inspection  on  the  sale  floor,  each  sample  being  marked 
to  correspond  with  the  catalogue  lot.  The  show  floor  is  open  to 
growers,  but  not  to  buyers,  until  the  morning  of  the  auction.  On  the 
morning  of  the  sale,  buyers  are  furnished  catalogues  and  are  per^ 
mitted  to  inspect  the  offerings.  They  inspect  such  lots  as  may  suit 
them,  place  their  value  in  the  catalogue,  and  later  meet  at  the  sales- 
room, which  is  usually  located  in  a  different  part  of  the  city.  Here 
the  wool  is  sold  at  the  rate  of  about  350  to  400  lots  an  hour.  Bids 
usually  open  close  to  sale  prices,  and  the  slightest  lull  in  crying  is  a 
signal  for  the  hammer  to  fall. 

Purchasers  are  given  three  days  in  which  to  examine  their  pur« 
chases  and  remove  the  wool ;  storage  is  charged  after  that  time.  Set* 
tlement  to  growers  must  be  made  by  the  broker  within  15  days. 

Here  the  advantages  of  the  auction  system  are  many.  The 
grower  is  assured  of  world  competition,  as  the  production  is  large 
and  is  practically  all  exported.  He  may  withdraw  a  lot  and  offer  it 
later  if  the  prices  offered  do  not  come  up  to  his  ideas  of  values.  He 
has  the  benefit  of  dealing  with  a  bona  fide  broker  who  has  no  wool  of 
his  own  to  offer.    He  can  have  the  benefits  of  classing  and  being  paid 
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according  to  grade,  even  though  he  may  be  what  is  called  a  small 
sheepman.  He  can  obtain  advances  on  his  wool  as  soon  as  it  enters 
the  storeroom.  He  can  turn  the  information  derived  from  compar- 
ing his  prices  with  his  neighbor's  to  advantage  in  producing  a  better 
clip  or  more  merchantable  wool.  For  a  country  with  a  surplus  of 
wool  the  system  seems  ideal. 

CHARGES  FOR  MARKETING 

For  classing,  the  charge  is  1  cent  a  pound;  for  holding  in  ware- 
house, $1.75  per  bale  (about  400  pounds) ;  and  for  selling,  21/2  per 
cent  of  the  sale  price. 

Growers  furnish  sacks  or  bales,  weighing  11  pounds,  which  cost 
from  $1.20  to  $1.65  in  1927.  They  also  pay  for  insurance  on  wool 
while  in  the  warehouse. 

COOPERATIVE  MARKETING  OF  WOOL  IN  NEW  ZEALAND 

There  are  several  farmers'  cooperative  associations  in  New  Zealand 
which  handle  wool  as  a  part  of  their  activities.  Eight  of  these  as- 
sociations in  1926  handled  68,903  bales,  or  13.4  per  cent  of  the  total 
production  of  the  country.  Their  operations  are  conducted  in  a 
manner  similar  to  those  of  the  brokerage  houses,  which  charge  the 
same  commissions  and  perform  the  same  services. 

Profits  or  savings  above  the  limited  stock  dividends  are  prorated 
back  to  member  wool  growers  on  a  patronage  basis.  These  represent 
a  saving  in  marketing  cost  of  about  25  per  cent,  according  to  the 
managers  of  the  various  associations.  The  growth  in  cooperative 
marketing  of  wool  in  New  Zealand  has  not  kept  pace  with  that  of 
some  other  farm  products,  notably  dairy  products,  but  this  may  be 
because  the  private  brokerage  houses  have  given  the  wool  growers 
good  service  at  a  fair  handling  charge.  About  the  only  savings  pos- 
sible through  the  cooperatives  are  those  afforded  by  the  handling 
charge,  and  these  would  average  less  than  1  cent  per  pound. 

UNION  OF  SOUTH  AFRICA 

The  Union  of  South  Africa,  lying  in  the  southern  and  eastern  part 
of  Africa,  comprises  an  area  of  473,089  square  miles,  or  slightly 
more  than  one-eighth  that  of  the  United  States.  According  to 
advance  releases  of  the  director  of  the  census,  it  had,  in  1927,  a  sheep 
population  of  34,500,000  head  of  wooled  sheep  and  5,000,000  head  of 
the  fat-tailed  variety,  which  were  not  considered  as  carrying  wool  of 
any  commercial  value.  By  sections,  the  1924  census  gives  the  number 
of  wooled  sheep  in  the  Union  as  shown  in  Table  6 : 

Table  6. — Number  of  wooled  .sheep  in  the  Union  of  South  Africa,  1924  ^ 


Province 

Wooled  sheep 

Province 

Wooled  sheep 

Cape  of  Good  Hope. 

Number 
11,981,670 
1, 371, 696 
2,  964, 197 

Orange  Free  State 

Number 
7, 870, 351 

t^a^l 

Total 

Transvaal ... 

24, 187, 914 

The  South  and  East  African  Year  Book  and  Guide  for  1927  (14,  p.  279). 
1  Exclusive  of  sheep  owned  by  natives. 
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PRODUCTION  OF   SHEEP   AND  WOOL   IN   SOUTH   AFRICA 

As  the  increase,  14  per  cent  since  1924,  has  been  fairly  well  dis- 
tributed over  the  entire  country,  a  fair  idea  of  the  present  gheep 
population  of  the  respective  Provinces  can  be  obtained  by  adding 
this  proportion  to  each  Province  total  for  1924.  Official  estimates 
show  the  quantity  of  wool  exported  in  1925  as  200,668,066  pounds 
of  greasy  wool  and  7,946,615  pounds  of  scoured  wool  (i^,  p.  280). 

If  the  United  States  were  carrying  as  many  sheep  per  square  mile 
as  South  Africa,  the  United  States  would  have  somewhat  over 
300,000,000  head,  whereas  it  now  has  44,545,000  head.  Only  a  little 
more  than  half  of  South  Africa  is  sheep-carrying  country.  There- 
fore the  sections  adapted  to  the  sheep  industry  are  already  rather 
heavily  stocked. 


Figure  27. — The   high  veldt  country   of  Natal,   which   produces   the   better-quality 

South  Afvican  wool 

TOPOGRAPHY  AND  PASTORAL  CONDITIONS 

South  Africa  may  be  said  to  consist  of  a  series  of  plateaus,  rising 
in  about  four  ^teps  from  the  sea,  from  the  southern  part  to  the 
northern  part  of  the  country.  Inland  from  either  the  east  coast  or 
west  coast  the  same  formation  is  observed,  but  the  lower  plateaus 
are  in  the  main  quite  narrow  and  the  highest  elevations  more  quickly 
reached. 

The  open  plateaus,  called  "  veldts,"  are  traversed  by  ranges  of  hills 
(kopjes),  deep-eroded  channels  (kloofs  in  the  hill^  and  dongas  in 
flat  country),  and  ranges  of  mountains.  The  elevations  vary  from 
100  or  200  feet  at  the  seaside  to  5,000  to  6,000  feet  on  the  high 
veldt,  with  mountain  peaks  2,000  to  3,000  feet  higher.  This  affords 
a  wide  variety  of  climatic  conditions,  which  are  reflected  in  the  types 
of  local  sheep.  Much  of  the  country  hag  not  proven  advantageous 
for  sheep,  either  on  account  of  poor  pasturage  or  because  of  prev- 
alence of  parasitical,  diseases,  the  mogt  common  of  which  is  the 
stomach  worm.  On  the  other  hand,  new  country  is  constantly  being 
developed,  as  in  Nairobi  in  Tanganyika  Territory  near  the  Equator, 
and  in  the  territory  formerly  known  as  German  West  Africa. 
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A  characteristic  of  South  African  country  seems  to  be  the  inter- 
mingling of  good  and  bad  sheep  range.  Here  may  be  ideal  condi- 
tions for  sheep  raising  and  only  a  few  miles  away  a  decidedly  adverse 
situation  may  exist.  One  section  may  have  a  rainfall  of  20  inches 
a  year,  and  land  within  a  few  miles  ma^^  get  twice  that  amount. 
Sweet  veldt,  a  very  fine  sheep  forage,  may  be  found  in  abundance  on 
one  side  of  a  chain  of  hills  and  zeurveld,  or  sourveld,  may  grow  on 
the  opposite  side  and  have  only  one-half  the  carrying  capacity. 
Some  sections  may  be  pastured  only  in  the  winter  season,  whereas 
others  furnish  summer  range. 

These  conditions  are  at  variance  with  pastoral  conditions  in  Aus- 
tralia, where  practically  identical  conditions  as  to  feed  and  climate 
are  found  over  wide  areas.  So  the  problem  confronting  the  South 
African  farmer  may  be  entirely  different  from  that  of  the  xVustralian 
pastoralist  or  even  from  that  of  his  neighbor  on  adjoining  land. 


FiGUUE  28. — Typical  Tr.'uisvaal  sheep  country 

The  portion  of  South  Africa  that  produces  the  great  bulk  of  the 
wool  may  be  said  to  begin  100  or  200  miles  north  of  Cape  Town  and 
extend  on  the  eastern  side  of  the  continent  through  the  Cape  settle- 
ment up  through  Orange  Free  State  and  Natal  (fig.  27)  into  the 
Transvaal  and  west  from  the  Transvaal  (fig.  28)  into  Bechuanaland. 
After  a  break,  it  begins  again  in  Rhodesia  and  includes  a  new  de- 
velopment in  the  high  veldt  country  of  Nairobi  (Tanganyika  Terri- 
tory). 

There  are  some  fine  sections  commonly  referred  to  in  connection 
with  wool  production  in  South  Africa — the  Karroo,  the  Orange  Free 
State  wool  section,  Griqualand  East,  Natal,  and  Transvaal ;  the  finer 
wool  comes  from  the  last  three  sections.  Figure  29  shows  South 
African  Merinos  of  the  Transvaal. 

The  Karroo  embraces  the  sheep-producing  area  of  the  Cape  of 
Good  Hope  and  covers  some  100,000  square  miles.  This  is  a  semiarid 
area  covered  with  small  edible  shrubs,  of  which  the  principal  is  the 
Karroo  bush,  which  is  similar  to,  and  by  some  said  to  be  nearly 
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identical  with,  the  saltbush  of  Australia.  This  country  lies  at  an 
elevation  of  2,000  to  3,000  feet,  with  hills,  or  kopjes,  dotted  over  its 
surface  and  an  occasional  mountain,  some  of  which  reach  a  height 
of  7,000  feet.  The  rainfall  varies  from  10  to  18  inches,  and  the  entire 
precipitation  may  occur  in  a  few  heavy  rains  within  a  short  period. 
In  summer,  the  temi:)erature  may  range  from  80°  to  90°  F.,  and  it 
may  occasionally  go  above  100°.  The  winter  month  of  July  may 
bring  some  freezing  weather.  The  soil  is  very  friable  and  erodes 
easily.  The  sheep  trail  to  the  water  hole  may  become  a  donga  many 
feet  deep  after  a  heavy  rain.  This  erosion  of  the  land,  together  with 
the  facilities  it  affords  for  rapid  drainage  of  water,  is  one  of  the 
problems  of  the  Karroo  farmer,  as  it  makes  surface  storage  more 
difficult  and  reduces  the  water  level  for  the  plants,  which  makes 
drought  conditions  more  acute  as  time  passes  (^,  f.  117). 


Figure  29. — South  African  Merinos  of  tlie  Transvaal 

The  Karroo,  because  of  its  climate,  is  best  adapted  to  a  large  rugged 
sheep,  fairly  dense  in  fleece,  of  the  medium  or  robust-wool  Merino 
types.  (Fig.  30.)  The  wool  is  good  but  carries  considerable  quanti- 
ties of  dirt. 

North  of  the  Karroo  is  found  the  northern  plain  section  of  an  alti- 
tude of  2,800  to  6,000  feet,  also  deeply  eroded,  and  with  a  rainfall  of 
2  to  10  inches  annually.  From  a  sheepman's  point  of  view  this  is  con- 
sidered light-carrying  country.  The  wool  is  similar  to  that  of  the 
Karroo.  A  wider  temperature  variation  is  found — from  as  high  as 
100°  to  110°  F.  in  the  summer  to  as  low  as  12°  in  the  winter. 

The  Griqualand,  Natal,  Orange  Free  State,  and  Transvaal  plateau 
regions  are  all  good  sheep  regions,  producing  the  finer-fibered  wool  of 
South  Africa.  In  Rhodesia  and  Nairobi  (Tanganyika  territory)  are 
found  limited  areas  in  which  sheep  are  being  introduced  with  more 
or  less  success.  To  date  most  of  this  territory  is  being  used  for  mut- 
ton rather  than  wool  production,  native  ewes  being  crossed  with 
English-bred  rams.  It  is  generally  conceded  that  sheep  can  be  suc- 
cessfully handled  only  at  elevations  of  2,000  feet  or  more.  In  the 
lower  altitudes  they  can  be  handled  only  during  the  winter. 
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HISTORY  AND  DEVELOPMENT  OF  THE  SHEEP  INDUSTRY   QO) 

When  the  early  Dutch  colonists  came  to  the  Cape  of  Good  Hope 
they  found  that  the  Hottentots  had  a  native  breed  of  sheep.  This 
was  the  fat- tailed  sheep,  which  was  apparently  indigenous  to  the 
country.  In  color  it  varies  from  gray  to  brown.  The  Africander 
variety  carries  a  coat  of  soft  wool  down  under  its  exterior  hairy  coat, 
whereas  the  other  varieties  do  not.  All  the  fat  accumulates  in  the 
rump,  which  is  considered  the  choicest  part  of  the  sheep  for  eating. 

The  earliest  effort  to  improve  the  breed  seems  to  have  been  made 
about  1724,  when  Merino  rams  were  sent  out  from  Europe  to  mate 
on  the  native  stock.  Few,  if  any,  lasting  results  came  from  this 
initial  shipment,  and  for  nearly  TO  years  nothing  further  w^as  done 
in  this  direction.  In  1790  Colonel  Gordon  received  some  purebred 
Merinos  from  Europe,  and  these  were  used  on  native  stock.     At  the 


Figure  30. — Robust-wool  Merino  rams  of  the  type  favored  in  the  Karroo 

death  of  Colonel  Gordon  or  shortly  thereafter  this  stud  w^as  sold  to 
Australia  and  formed  the  foundation  of  the  fine- wool  industry  in  that 
country. 

Mention  is  also  made  of  a  shipment  from  the  Merino  flock  of  Lord 
Weston  in  England  to  the  Government  farm  at  Groote  Post,  near 
Cape  Town,  where  the  Merinos  were  used  for  crossbreeding  and 
became  popular. 

From  these  few  early  importations  and  from  a  few  isolated  ship- 
ments of  English  breeds  of  sheep  many  of  the  present  commercial 
flocks  have  descended.  The  early  Boer  settlers  w^ere  more  concerned 
with  the  acquisition  of  land  than  w^ith  the  improvement  of  their 
flocks  and  herds.  It  is  only  within  comparatively  recent  years  that 
much  thought  has  been  given  to  the  production  of  better  sheep  rather 
than  to  continued  expansion  in  the  size  of  the  flocks  and  herds. 

This  change  in  policy  may  be  attributed  to  four  circumstances; 
(1)  The  coming  of  British  subjects  who,  becoming  pastqralists,  were 
not  satisfied  with  the  low  type  of  sheep  and  cattle  to  be  had  and 
began  importing  stud  stock  to  improve  the  native  types;    (2)   the 


60  TECHNICAL  BULLETIN   12  4,  XT.  S.  DEPT.  OP  AGBICULTURE 

fact  that  new  lands  adapted  to  sheep  raising  were  becoming  difficult 
to  obtain,  so  that  expansion  in  numbers  must  of  necessity  be  curtailed ; 
(3)  increased  values  in  wool  and  increased  cost  of  production  which 
found  reflection  in  an  effort  to  produce  a  product  greater  in  quantity 
per  sheep  and  of  better  quality;  and  (4)  the  efforts  on  the  part  of 
English  and  South  African  wool  brokers  and  the  Government  of 
the  Union  of  South  Africa  toward  improvements  in  the  quality  of 
wool  produced  and  toward  better  methods  of  p^reparation  for  market. 

The  first  circumstance  resulted  in  importations  of  sheep  from  the 
French  Merino  farm  at  Rambouillet  and  from  some  of  the  leading 
Merino  studs  of  Germany,  notably  in  Saxony.  These  importations 
began  much  later  than  those  that  went  to  Australia  and  were  limited 
in  number. 

The  exact  date  does  not  appear,  but  the  general  opinion  is  that  it 
was  about  1875.  Beginning  some  25  years  afterwards,  Rambouillet 
and  Merino  sheep  were  imported  from  America,  followed  shortly  by 


Figure  31. — Cross  between  Tasmanian  and  American  C-type  Merino  strains  of  sheep, 
a  kind  miicti  admired  in  Soutli  Africa 

heavy  importations  from  Australia  and  Tasmania.    Figure  31  shows 
one  of  the  resulting  types  which  is  much  admired  in  South  Africa. 

The  high  price  of  wool  following  the  period  of  the  World  War 
and  the  fact  that  the  Government  of  the  Union  of  South  Africa  per- 
mitted the  South  African  farmer  to  deduct  from  his  income  tax 
all  money  spent  in  the  purchase  of  purebred  stock  wherewith  to  im- 
prove his  flocks  resulted  in  the  expenditure  within  recent  years  of 
large  sums  of  African  money  in  Australia  and  Tasmania.  The  Amer- 
ican market  has  not  benefited  much  by  this  trade,  largely  because  of 
the  advice  of  the  African  sheep  experts,  some  of  whom  were  origi- 
nally Australians  and  others  of  whom  were  trained  in  Australia. 
Some  of  them  attempted  to  have  the  government  prohibit  the  impor- 
tation of  American  Merinos,  on  the  ground  that  they  would  injure 
rather  than  improve  the  flocks.  So  to-day  nearly  all  of  the  leading 
studs  claim  either  Wanganella  (fig.  9)  or  Tasmanian  (fig.  32)  origin 
and  breeding,  though  many  of  the  best  rams  are  decidedly  American 
in  type  and  the  sections  producing  the  best  wool  are  those  in  which 
the  American  Merino  has  been  the  most  used. 
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Recent  regulations,  which  narrow  the  trails  between  the  winter  and 
summer  ranges  in  the  Transvaal  and  Natal,  are  causing  many  to 
abandon  the  use  of  the  winter  ranges  which  are  too  hot  to  carry 
sheep  in  the  summer.  This  curtails  somewhat  the  carrying  capacity 
of  the  high  summer  range,  a  portion  of  which  must  be  devoted  to 
crops  for  winter  sustenance. 

Parasitical  diseases  are  increasing,  and  it  requires  more  attention 
to  hold  them  in  check  here  than  in  a  cold  climate. 

Marked  improvement  has  been  made  in  the  weight  and  quality  of 
wool  produced.    The  production  of  wool  in  the  Union  of  South  Africa 


Figure  32. — Tasmanian  type  of  merino  sheep  in  demand  in  South  Africa.  This  ram 
sheared  23  pounds  of  70's  wool,  yielding  55  per  cent  clean  wool.  Live  weight,  175 
pounds 

in  1926,  as  reported  by  the  Durban  Wool  Brokers  Association,^'* 
was  710,000  bales  of  an  average  weight  of  370  pounds,  or  about 
262,700,000  pounds,  an  average  of  71/2  pounds  per  sheep.  Anyone 
who  has  followed  South  African  wool  over  a  period  of  years  will 
admit  that  a  tremendous  improvement  has  already  taken  place  in 
quality,  but  this  matter  will  be  more  fully  discussed  later. 

METHODS  OF  FLOCK  MANAGEMENT 

Three  different  methods  of  sheep  management  are  to  be  found  in 
South  Africa:    (1)    In  the  Karroo  and  similar  regions  where  the 


^^  An  organization  which  consists  of  private  wool  broliers  and  cooperative  wool  market- 
ing organizations. 
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sheep  graze  continuously  on  the  one  area  during  the  entire  year;  (2) 
the  summer  and  winter  range  system;  and  (3)  the  summer-range 
and  winter-feeding  method. 

CONTINUOUS    GRAZING 

The  weather  and  forage  conditions  of  the  Karroo  are  so  similar  to 
those  in  the  saltbush  country  of  Australia  that  methods  of  manage- 
ment are  almost  identical,  even  to  the  introduction  of  the  same  type 
of  sheep.  The  only  difference  is  one  of  altitude.  Sheep  are  herded 
here  by  natives  throughout  the  year,  and  are  moved  only  as  feed  and 
water  requirements  demand. 

Here  may  be  found  the  larger  flocks  of  the  Union,  some  of  them 
containing  60,000  head.     Some  shearing  is  done  by  machine,  but  most 
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Figure  33. — South  African  sheep  shearers  in  shearing  kraal 

of  it  is  done  by  natives  with  hand  blades.  (Fig.  33.)  It  is  stated 
by  growers  that  less  than  5  per  cent  of  the  total  wool  clip  of  South 
Africa  is  machine  shorn. 

The  flocks  are  run  for  wool  production  only,  and  wethers,  or 
"  hamals,"  constitute  a  considerable  percentage  of  many  of  them. 
This  applies  to  the  entire  country. 

SUMMER  AND  WINTER  RANGE 

In  parts  of  Natal  and  the  Transvaal  a  system  of  trekking  or  long 
driving  of  the  flocks  takes  place  each  year.  As  the  high  plateau,  or 
veldt,  produces  little  if  any  growth  during  the  winter  season,  which 
begins  about  June  1,  it  is  customary  to  drive  the  sheep  at  that  time 
down  to  the  lower  plateaus,  which  are  2,000  to  3,000  feet  in  height, 
there  to  remain  until  the  October  spring  starts  a  new  growth  in  the 
high  veldt. 

There  are  two  objections  to  this  system  of  management:  (1)  The 
narrowed  trails  make  trekking  more  severe  on  the  stock;  and  (2) 
much  of  the  grass  in  the  low  veldt  is  not  suited  to  sheep,  and  conse- 
quently little  if  any  improvement  in  flesh  is  made  during  the  time 
spent  there.  It  also  requires  a  considerable  period  of  time  for  the 
sheep  to  recover  from  the  return  trip,  which  is  anywhere  from  50  to 
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250  miles.  Many  of  the  more  progressive  flockmasters  are  adopting 
the  third  method — summer  range  and  winter  feeding — which  is  pro- 
ductive of  a  better  clip  as  well  as  of  better  growth  and  development 
of  the  sheep  itself. 

SUMMER  RANGE  AND  WINTER  FEEDING 

This  third  system  provides  for  the  artificial  feeding  of  the  flock 
during  the  winter  season.  The  feeds  employed  are  mainly  corn  or 
concentrates,  supplemented  by  alfalfa,  and  teff  hay  and  corn  stover, 
or  in  some  instances  root  crops.  The  root  crops  are  used  only  in  the 
stud  flocks  and  generally  where  irrigation  is  possible.  Future  ex- 
pansion of  the  sheep  industry  in  South  Africa  will  possibly  be  great- 
est in  sections  that  adopt  this  method  of  management,  but  an  addi- 
tional feed  and  labor  cost  must  be  assumed.  The  flocks  are  smaller 
in  such  sections.  The  average  in  Natal  is  about  TOO  head;  in  the 
Transvaal  it  is  from  1,000  to  1,200  head. 

TYPES  OF  WOOL 

The  fact  that  efforts  toward  improvement  in  the  character  of  the 
fleece  have  been  made  only  in  recent  years  would  lead  to  the  opinion 
that  great  variations  in  quality  and  length  of  fiber  would  be  found 
in  the  clip ;  but,  if  the  production  of  the  native  sheep,  which  is  more 
nearly  hair  than  wool,  is  excluded,  there  is  greater  unifonnity  in 
the  South  African  clip  than  is  found  in  many  countries  where  efforts 
for  improvement  have  been  of  longer  duration.  The  climate  may 
have  something  to  do  with  this,  as  all  sheepmen  contend  that  a 
natural  refinement  in  fiber  occurs  in  the  country.  Certainly  a  few 
American-bred  sheep  (one  or  two  of  which  were  imported)  which 
came  under  personal  observation  of  the  writer,  showed  a  much  finer 
fiber  than  any  individual  sheep  recalled  in  the  flocks  from  which 
they  originally  came.  The  same  may  be  said  of  the  more  robust 
types  of  Wanganella  and  South  Australian  sheep  now  being 
imported  in  large  numbers.  On  the  other  hand,  the  original  infu- 
sion of  merino  blood  in  the  country  was  largely  from  Saxony,  long 
noted  for  the  extreme  fineness  of  its  wool.  Some  dealers  are  of  the 
opinion  that  the  introduction  of  robust-wooled  sires,  in  recent  years, 
will  cause  the  African  clip  to  lose  some  of  its  character,  and  they 
say  this  influence  is  now  distinctly  noticeable  in  certain  flocks. 
Whether  or  not  the  modifying  climatic  influence  will  correct  this 
situation  remains  to  be  seen. 

Roughly  speaking,  the  clip  may  be  said  to  be  practically  all 
Merino  wool,  the  bulk  of  which  will  class  as  64's  to  TO's,  though  a 
considerable  quantity  up  to  80's  is  produced.  Of  the  native  wool, 
according  to  the  Durban  Wool  Brokers'  Association,  approximately 
80,000  bales,  or  30,000,000  pounds,  in  1926-27,  carried  kempy  fibers 
and  was  regarded  as  inferior  in  quality.  This  wool  is  sheared  every 
six  months,  so  that  the  staple  is  short.  Some  of  the  Merino  wool  is 
so  shorn,  but  as  a  rule  only  in  such  sections  as  are  infested  with 
scab  or  among  those  farmers  who  are  not  careful  sheepmen  and  who 
shear  to  obtain  ready  money. 

Of  the  12-month  clip,  about  60  per  cent  will  class  as  French  comb- 
ing length,  or  2  to  2%  inches.     Although  the  South  African  clip  is 
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finer  than  the  Australian  wool,  it  lacks  the  staple  carried  by  the 
Australian  product.  On  the  whole,  the  wool  is  keenly  sought,  and 
the  better  clips  have  been  bringing  prices  that  are  equal  to  the  prices 
for  Australian  wool  or  even  more  during  recent  years.  Brokers 
say  that  this  is  because  of  the  better  spinning  quality  of  the  South 
African  wool. 

PREPARATION  FOR  MARKET 

Under  the  labor  conditions  found  in  this  region,  it  would  not  be 
expected  that  the  wool  clip  would  go  forward  to  market  as  well  classed 
or  in  as  good  condition  as  does  the  Australian  clip. 

Labor  wages  are  very  low.  Sheep  herders  receive  $2.50  per  month, 
3  pounds  of  meal  per  day,  and  a  limited  quantity  of  meat.  Shearing 
costs  $2.40  per  hundred  head,  or  less  than  2i/^  cents  a  sheep.  The 
average  native  shears  from  25  to  40  head  per  day.  Ordinary  farm 
labor  may  be  obtained  for  about  $5  per  month,  though  in  Natal  the 
native  works  six  months  of  the  year  for  the  privilege  of  building  his 
hut  or  kraal  on  the  owner's  land  and  grazing  his  few  head  of  cattle, 
or  for  use  of  a  truck  patch.  In  the  Transvaal,  three  months  is  the 
time  given  the  landoAvnei<  for  similar  accommodations.  To  offset  the 
cheapness  of  the  labor  is  the  character  of  the  laborer,  who  is  neither 
efficient  nor  industrious,  and  who  works  only  when  compelled  through 
hunger  or  by  edict  of  law.  Some  States  now  make  it  compulsory  for 
a  native  to  perform  120  days  labor  a  year. 

.  The  classing  of  wool  in  South  Africa  is  not  so  elaborate  or  thorough 
as  in  Australia.  Only  about  40  per  cent  of  the  wool  is  considered  well 
classed,  the  other  is  merely  skirted  to  a  greater  or  less  degree.  Some 
fleeces  are  packed  entire,  no  skirtings  being  removed.  The  Govern- 
ment of  the  Union  is  devoting  considerable  money  and  effort  toward 
bringing  about  a  more  uniform  system  of  preparing  the  clip  and  a 
more  honest  pack,  for  many  clips  are  looked  upon  with  suspicion  by 
the  buyers.  The  Boer  farmer  is  slow  in  changing  his  ways  for,  until 
recently,  he  led  an  isolated  life  and  received  little  education,  but 
efforts  toward  a  better-prepared  clip  are  meeting  with  much  success, 
and  it  is  possible  that  the  near  future  will  see  the  South  African  wool 
going  to  market  as  well  packed  as  any.  The  main  difficulty  is  a  lack 
of  trained  and  experienced  wool  classers.  , 

SELLING  THE  WOOL 

Modern  methods  of  wool  selling  in  South  Africa  have  developed 
largely  within  the  past  10  or  12  years,  or  almost  coincident  with 
better  wool  production.  In  fact,  a  distinct  relation  may  be  seen  be- 
tween the  two.  It  is  somewhat  debatable  whether  a  better  method 
of  merchandising  came  about  through  the  efforts  of  those  who  were 
improving  their  flocks  to  obtain  full  value  for  their  wool,  or  whether 
the  institution  of  a  sales  system  which  included  payment  according  to 
the  value  of  the  clip  led  to  a  better  product.  The  answer  given 
locally  depends  largely  upon  whether  the  question  is  asked  of  the 
producer  or  of  the  broker. 

At  any  rate,  for  many  years  the  South  African  clip  was  purchased, 
as  is  much  of  the  American  clip  to-day,  through  speculative  buyers 
or  local  merchants  who  financed  the  farmer  through  the  year  and 
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took  his  wool  in  jjayment  for  liis  deLls.  Tlie  system  went  even  beyond 
that  in  the  United  States,  and  for  many  years  the  prices  were  stabi- 
lized for  the  farmer  at  about  15  cents  per  pound.  This  undoubtedly 
relieved  his  worry  as  to  possible  prices,  even  if  it  did  not  mean  much 
profit. 

There  is  no  doubt  that  the  enhanced  values  during  the  World 
War,  and  the  governmental  control  had  much  to  do  with  bringing 
about  a  better  system  of  wool  selling  until,  as  stated  by  brokers,  in 
1927,  about  90  to  95  per  cent  of  the  avooI  of  the  Union  was  handled 
on  a  brokerage  basis  for  the  account  of  the  producer  or  through  his 
own  cooperative  associations.  The  small  portion  which  was  pur- 
chased outright  was  similarly  disposed  of  by  the  buyers,  so  that  prac- 
tically the  entire  clip  passed  through  the  hands  of  the  brokers.  The 
1926  clip  of  wool,  according  to  a  report  of  the  Durban  wool  brokers^ 
consisted  of  about  710,000  bales  of  370  pounds  each  and  was  handled 
through  some  four  concentration  points,  approximately  as  follows; 
East  London,  280,000  bales ;  Durban,  200,000  bales ;  Port  Elizabeth, 
200,000  bales ;  and  Capetown,  30,000  bales. 

The  system  of  marketing  varies  somewhat  in  different  centers  as 
to  minor  details,  but  in  the  main  the  methods  are  similar.  No  central 
organization  exists  which  controls  wool  movements  and  prices  as  in 
Australia,  but  each  wool  center  maintains  an  organization  of  brokers 
controlling  such  matters  as  apply  to  that  particular  market.  Growers 
have  no  such  organization  representing  them  as  a  whole,,  nor  are 
there  even  units  of  growers  near  marketing  centers,  but  their  inter- 
ests are  represented  to  a  certain  extent  by  the  brokers,  whose  local 
organizations  enter  into  agreements  with  those  of  the  buyers  as  to 
terms  of  sale,  quantities  offered,  and  withdrawals. 

The  wool  center  that  is  now  growing  most  rapidly  is  Durban. 
Here  are  found  the  strictest  rules  covering  wool  selling,  which  are 
made  and  enforced  by  the  Durban  Wool  Brokers  Associations. 
Briefly  these  are  as  follows : 

(1)  All  wool  coming  into  the  market  must  first  be  offered  at  public  auction. 

(2)  No  buyer  can  obtain  wool  except  as  so  offered  or  through  private  sale 
after  it  has  been  so  offered  through  recognized  brokerage  houses.  This  prevents 
buyers  from  acquiring  wool  purchase<l  outright  from  the  growers  at  private 
treaty. 

(3)  Sales  are  held  weekly  during  the  season,  which  covers  approximately 
five  months,  beginning  in  November  and  ending  early  in  April ;  offerings  are 
made  in  the  order  of  arrival  of  clips  at  bi;okers'  warehouses. 

(4)  Buyers  can  demand  that  all  of  a  clip  be  placed  on  the  sales  floors  for 
inspection,  if  desired. 

(5)  All  lots  of  two  bales  or  under  are  clas.setl  as  star  lots  and  are  offered 
separately. 

(6)  Interlotting  may  be  done  at  the  discretion  of  the  broker. 

(7)  Reclassing  may  be  resorted  to,  but  this  is  not  generally  done.  An  addi- 
tional charge  is  made  for  reclassing. 

(8)  Brokerage  charges  nin  from  IVi  to  2%  per  cent  for  selling,  dei>ending 
upon  the  size  of  the  clip,  plus  storage,  insurance,  and  cost  of  delivery  to  the 
buyer.  A  charge  of  24  cents  per  bale  is  made  for  lotting  and  $1.20  per  bale 
for  pressing  and  marking. 

In  Cape  Town  and  Port  Elizabeth  some  wool  is  purchased  through 

private  treaty  between  the  buyers  and  the  brokers.     At  East  London 

the  bulk  of  the  wool  is  so  disposed  of.     There  is  no  agreement  to 

prevent  buyers  from  obtaining  wool  direct  from  growers  or  store- 
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keepers  except  at  Durban.  Some  growers  state  that  the  reason  Dur- 
ban is  growing  so  rapidly  as  a  wool  center  is  because  the  regulations 
in  force  there  protect  the  producer  better  than  do  those  at  other 
centers. 

COOPERATIVE  MARKETING  OF  WOOL 

Because  of  the  isolated  position  of  the  sheepman  in  South  Africa 
and  his  limited  contact  with  his  fellows,  the  idea  of  cooperation 
has  not  been  thoroughly  understood.  In  many  sections  it  has  not 
even  been  discussed.  Considerable  headway  is  being  made,  how- 
ever, in  this  direction,  and  three  cooperative  organizations  are  now 
operating  in  the  marketing  of  wool.  These  cooperative  associations 
operate  on  a  brokerage  basis. 

The  development  of  the  cooperative  marketing  of  wool  may  be 
said  to  have  begun  with  the  passage  of  the  consolidating  act,  in  1922, 
which  was  effective  throughout  the  Union.  Prior  to  this  time  some 
local  efforts  had  been  made  m  the  direction  of  cooperative  marketing, 
but  because  of  limited  powers  and  lack  of  suitable  laws,  little  had 
been  accomplished. 

The  cooperative  marketing  act  of  1922  is  comprehensive  (<9,  p, 
509-642).  It  provides  for  the  formation  of  limited  and  unlimited 
liability  companies.  In  the  unlimited-liability  company  the  signing 
of  a  membership  form  and  payment  of  a  membership  fee  bind  the 
signer  to  deliver  his  produce  to  the  cooperative.  Most  of  the  coopera- 
tives operating  in  South  Africa  at  present  are  of  the  unlimited  type. 
In  the  limited  company  stock  is  issued  and  membership  is  incident 
upon  purchase  of  stock.  This  also  carries  the  obligation  of  delivery 
of  the  product  to  the  cooperative.  The  three  wool  cooperatives  are  of 
the  limited-liability  type.  Provisions  for  resigning  from  both  lim- 
ited and  unlimited  liability  companies  are  made ;  members  are  allowed 
to  resign  at  the  expiration  of  any  year  upon  giving  three  months' 
notice.  If  a  member  holds  shares  of  stock,  these  shares  must  be  sur- 
rendered to  the  company  at  the  time  of  resignation.  The  current 
value  of  a  share  of  stock  is  usually  1  pound  sterling,  and  most  com- 
panies provide  for  limited  holding  of  stock. 

The  act  further  provides  for  the  inspection  of  all  cooperatives  by 
Government  officials,  who  not  only  satisfy  themselves  as  to  the  finan- 
cial status  of  the  company  but  usually  make  an  economic  survey  and 
give  recommendations  as  to  the  general  business  policy  of  the  organi- 
zation. All  books  must  be  audited  yearly  by  a  certified  public 
accountant.  Liquidation  of  the  companies  is  provided  for  and  may 
be  brought  about  for  various  reasons.  A  resolution  of  two-thirds  of 
the  members,  casting  their  votes  either  in  person  or  by  proxy  at  a 
special  meeting  called  for  that  purpose,  is  sufficient  to  cause  dis- 
solution of  the  company.  Evidences  of  mismanagement  or  other 
causes  may  also  be  instrumental  in  causing  liquidation.  This  liquida- 
tion is  allowed  by  the  minister  of  agriculture  or  by  order  of  the 
supreme  court,  and  the  registrar  of  cooperatives  or  some  other  ap- 
pointee of  the  minister  of  agriculture  acts  as  liquidator. 

The  use  of  the  term  "  cooperative  "  is  restricted  to  those  organiza- 
tions that  have  registered  with  the  minister  of  agriculture  and  operate 
under  authority  of  the  act.  Model  regulations  are  provided  by  the 
department  of  agriculture  for  both  limited  and  unlimited  coopera- 
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tives,  and  these  must  be  followed  in  setting  up  and  operating  the 
association.  Provision  is  made  that  if  75  per  cent  of  the  production 
of  a  commodity  is  handled  through  cooperatives,  the  rest  of  the  pro- 
duction of  that  particular  commodity  must  be  handled  through  a 
cooperative.  This  has  been  enforced  only  in  certain  tobacco  areas  but 
may  be  made  effective  with  regard  to  other  commodities  at  the  dis- 
cretion of  the  minister  of  agriculture. 

Membership  is  restricted  to  farmers,  except  where  associations 
organized  prior  to  1922  were  permitted  to  come  in  under  the  new  co- 
operative marketing  act,  though  in  some  sections  others  may  be  mem- 
bers, particularly  in  stock  companies  where  additional  capital  is 
desired.  The  wool  cooperatives  make  a  practice  of  advancing  money 
to  all  their  consignors ;  this  advance  is  limited  to  50  per  cent  of  the 
current  value  of  the  clip.  Interest  is  charged  on  such  advances  at 
the  same  rates  which  the  cooperative  must  pay  in  order  to  obtain  the 
money.  These  loans  are  generally  secured  through  the  Government 
land  bank.     The  current  rate  of  interest  is  from  4  to  5  per  cent. 

Profits  in  the  wool  cooperatives  are  disposed  of  in  three  ways:  (1) 
Through  stock  dividends  not  exceeding  8  per  cent  on  the  paid  up 
capital  of  the  company;  (2)  through  the  establishment  of  reserve 
funds  to  such  extent  as  may  be  recommended  by  the  directors;  (3) 
through  a  patronage  refund  to  members,  based  on  the  A^olume  of 
business  transacted  by  each  during  the  year. 

Just  now  further  legislation  is  being  considered  to  prevent  farmers 
outside  of  the  cooperatives  from  receiving  any  benefit  from  the  asso- 
ciations through  the  effect  which  the  cooperatives  may  have  in  sta- 
bilizing and  bettering  prices  to  producers.  The  nature  of  this  legis- 
lation and  the  manner  of  obtaining  it  will  be  watched  with  interest. 
It  is  estimated  that  in  1927  about  40  to  45  per  cent  of  the  farmers  were 
affiliated  with  one  or  more  cooperatives,  and  the  Government  is  aiding 
the  further  development  of  the  movement  in  every  possible  way. 

Of  the  three  cooperatives  handling  wool,  two,  the  Boere-Saamwerk 
Beperk  and  the  Farmei^'  Cooperative  Union,  have  been  in  existence 
since  1922 ;  the  third,  Kooperatiewe  Wolmaatskappy  Bsperk.  or  Coop- 
erative Wool  Co.,  was  actively  entering  the  field  in  1928. 

The  two  first-named  organizations  have  stores  at  Cape  Town,  East 
London,  Port  Elizabeth,  and  Durban;  the  Kooperatiewe  Wolmaat- 
skappy Beperk  is  located  at  Durban  alone.  The  presence  of  the  two 
cooperatives  in  the  same  markets  has  led  to  some  jealousy  between 
them,  and  at  times,  if  reports  be  true,  the  interests  of  cooperation  have 
been  submerged  in  the  advancement  of  the  individual  association. 
Because  of  this  a  part  of  the  membership  of  one  of  these  societies 
withdrew,  forming  the  third  association.  As  indicative  of  the  growth 
of  one  of  these  societies  its  record  of  business  may  be  cited:  1922, 
8,000  bales;  1923,  16,000  bales;  1924,  24,000  bales;  1925,  33,000  bales; 
1926,  31,000  bales. 

The  decreased  volume  of  business  in  1926  was  because  of  the  with- 
drawal of  those  members  who  formed  a  new  cooperative. 

It  was  stated  by  local  brokers  that  of  the  total  clip  of  710,000  bales 
in  the  Union,  about  165,000  bales,  or  slightly  over  23  per  cent,  were 
handled  cooperatively  in  1926. 

The  handling  charges  through  the  cooperatives  are  about  the  same 
as  through  other  brokerage  houses,  but  the  farmers  claim  that,  as  in 
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Australia,  it  is  only  their  presence  that  keeps  commissions  and  han- 
dling charges  at  present  levels.  In  addition,  the  cooperative  rebates 
one-half  of  1  per  cent  of  the  handling  charges  to  all  local  wool  asso- 
ciations having  a  membership  of  25  or  more  who  are  actively  engaged 
in  helping  with  work  that  is  beneficial  to  the  industry. 

The  agricultural  department  of  the  South  African  Government  is 
paying  considerable  attention  to  the  teaching  of  men  in  both  sheep 
breeding  and  wool  classing,  and  as  these  men  become  available  to  the 
farmers  a  reflection  may  be  expected  in  improved  wool  and  better 
preparation  for  market.  Methods  of  selling  have  been  greatly  im- 
proved within  the  last  few  years  and  apparently  are  keeping  pace 
with  the  improvements  in  sheep  husbandry.  It  is  freely  stated  by 
both  producers  and  brokers  that  within  the  next  10  years  practically 
no  wool  will  be  offered  at  private  sale  by  the  producers  and  that 
auction  sales  through  the  private  brokers  or  cooperatives  will  become 
universal  throughout  the  country. 

There  is  discussion  of  centralized  brokers'  and  producers'  organiza- 
tions and  of  a  more  systematic  method  for  putting  the  wool  on  the 
market.  In  all  likelihood  this  would  mean  a  longer  sales  period  and 
limitations  as  to  the  volume  coming  on  the  market  at  any  particular 
time.  The  growth  of  cooperative  wool-marketing  associations  has 
made  satisfactory  progress  considering  the  lack  of  existing  facilities 
for  communication  between  agriculturists. 

ENGLAND 

The  study  of  wool  marketing  in  New  Zealand,  Australia,  and  South 
Africa  is  a  study  of  countries  which  are  producers  rather  than  con- 
sumers of  raw  wool.  Their  conditions  may  be  said  to  be  somewhat 
similar  to  those  in  the  "  territory  "  sections  of  the  United  States, 
where  wool  must  travel  some  distance  before  reaching  the  mill. 

On  the  other  hand,  England  and  France  are  large  wool-consuming 
centers,  and  their  sheep  industry  is  comparable  with  that  of  the  fleece- 
wool  sections  of  our  country.  It  was  therefore  thought  worth  while 
to  make  a  survey  of  wool  marketing  in  these  countries  to  ascertain 
whether  closeness  to  market  was  advantageous  to  the  wool  grower  or 
whether  this  advantage,  if  it  existed,  was  offset  by  his  small  individ- 
ual production;  and,  if  so,  what  steps  he  was  taking  to  meet  the 
situation. 

England  has  a  wide  variety  of  soil  and  climatic  conditions.  The 
sheep  farmers  have  endeavored  to  produce  such  types  of  sheep  as  will 
best  suit  local  conditions,  so  a  great  number  of  breeds  are  found,  each 
with  a  slightly  different  type  of  wool,  in  a  very  limited  area.  The 
low,  wet  lands  of  Kent  produce  the  Romney,  a  coarse- wooled  type; 
near  by  may  be  found  the  chalk  downs  of  Surrey,  with  the  South- 
down, the  finest  fleeced  of  English  breeds.  Going  further  west  the 
Exmoor  is  met — another  coarse-wooled  breed  adapted  to  rough  moor 
country;  and  near  by  is  the  Ryeland,  which  produces  wool  compar- 
able with  that  of  the  Southdown. 

There  are,  therefore,  no  large  sections  in  England  that  produce 
wool  of  similar  type.  This  condition  is  reflected  in  prices  and  in  the 
marketing  of  the  wool,  although  recent  efforts  in  cooperative  mar- 
keting have  counteracted  it  to  some  extent.    Most  of  the  breeds  of 


MARKETING  WOOL  IN  AUSTRALIA  AKD  OTHER  COUNTRIES  69 

English  sheep  have  been  developed  specifically  for  mutton  produc- 
tion, and  the  carcass  has  been  emphasized,  often  to  the  detriment  of 
the  wool.  It  is  only  in  recent  years  that  serious  attention  has  been 
paid  to  the  production  of  better  wool  and  to  preparation  of  wool  for 
market. 

The  total  number  of  sheep  in  the  British  Isles  in  1927  was  given 
as  28,215,000  {16,  p.  1023),  and  the  wool  yield  was  estimated  at  119,- 
000,000  {16,  f.  lOJfl)  pounds,  an  average  of  4.2  pounds  per  head. 
The  sheep  population  is  rather  large,  area  considered.  Contrary  to 
the  generally  accepted  opinion  that  sheep  husbandry  is  a  pioneer  in- 
dustry or  one  adapted  only  to  new  countries  and  cheap  land,  it 
evidently  can  be  successfully  carried  on  in  areas  where  land  values 
are  fairly  high. 

METHODS  OF  FLOCK  MANAGEMENT  AND  WOOL  TYPES 

So  many  different  systems  of  flock  husbandry  have  been  evolved 
in  the  British  Isles,  to  conform  to  climatic  and  soil  conditions,  that 
space  does  not  permit  a  detailed  study  of  them  here.  Briefly,  all 
flocks  are  managed  so  as  to  have  a  certain  amount  of  permanent  graz- 
ing area,  supplemented  with  soiling  crops,  or  root  crops  and  grain. 
The  feeding  of  root  and  grain  crops  is  carried  on  to  a  much  greater 
extent  than  in  other  countries,  and  this  is,  in  a  large  measure,  re- 
sponsible for  the  production  of  the  choice  quality  of  lamb  and  mutton 
coming  into  the  English  markets.  Parts  of  the  country  specialize  in 
lamb  feeding,  and  crossbreeding  is  carried  on  rather  extensively  in 
such  sections.  These  sections  depend  largely  upon  soiling  crops  and 
grain  to  force  early  maturity  and  finish  in  their  lambs.  In  the 
rougher  and  less  fertile  sections,  the  flocks  spend  a  major  portion  of 
the  time  on  permanent  pastures,  and  frequently  lambs  are  sold  to  be 
finished  in  the  fattening  sections. 

The  types  of  wool  vary  from  the  Southdown,  producing  56's,  or 
good  three-eighths-blood  wool,  to  the  mountain  breeds,  which  often 
carry  fleeces  classed  as  carpet  wool.  A  fair  quantity  of  luster,  or 
long  wool,  is  obtained  from  the  Lincoln,  Cotswold,  Leicester,  and 
Wensleydale  breeds;  whereas  Romnej^s,  Cheviots,  Hampshires,  Ox- 
fords and  Shropshires  produce  the  intermediate  medium-wool  types 
from  42's  to  56's,  oi*  low  quarter  to  three-eighths-blood. 

Research  work  and  bieeding  experiments  are  conducted  at  Leeds, 
with  a  view  to  giving  the  wool  grower  information  regarding  the 
production  of  better  grades  of  wool. 

PREPARATION  OF  FLEECE  AND  MARKETING  METHODS 

The  English  farmer  does  not  give  the  same  attention  to  the  prepa- 
ration of  his  w^ool  for  market  as  does  the  colonial  farmer.  Equipped 
sheds  for  shearing  are  seldom  seen,  and  in  many  sections  a  clean 
plot  of  grass  is  all  that  is  used  for  a  shearing  floor.  The  fleece  is 
generally  removed  with  blades  rather  than  by  machines,  and  a  com- 
mon practice  is  to  roll  the  entire  fleece  in  a  compact  package  and 
secure  it  by  means  of  a  strand  of  wool  drawn  from  the  fleece  and 
twisted  into  a  loose  rope.  The  wool  is  packed  in  bales,  and  is  so  held 
until  it  has  been  sold. 
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Wool  is  sold  in  three  ways:  (1)  By  private  treaty  with  dealei^s,  as 
is  the  custom  in  the  United  States.  This  practice  is  rapidly  falling 
into  disuse,  as  growers  have  found  it  to  their  advantage  to  dispose  of 
their  clip  in  other  ways.  A  modification  of  this  method  is  practiced 
to  some  extent  in  selling  to  mill  agents  who  travel  in  certain  districts 
and  who  buy  wool  direct  on  mill  order.  This  plan  also  is  failing 
to  find  favor  with  the  growers,  and  in  wool  circles  it  is  generally 
agreed  that  such  methods  of  sale  will  be  practically  abandoned  in  a 
few  years. 

(2)  In  many  sections  it  is  the  practice  to  offer  the  wool  of  a  dis- 
trict at  public  auction.  These  auction  sales  are  generally  held  in 
connection  with  livestock  fairs.  They  take  place  from  the  early  part 
of  June  to  the  first  of  August,  or  during  a  period  of  six  to  eight 
weeks. 

At  auction  sales  of  this  type  each  grower  has  his  wool  placed  on 
display,  and  samples  representative  of  the  clip  are  drawn  for  exami- 
nation by  buyers.  Each  grower's  wool  is  sold  as  a  separate  lot,  and 
there  is  no  blending  or  intermingling  of  lots. 

Offerings  at  such  auctions  vary  widely  according  to  wool  produc- 
tion and  patronage  of  the  growers  in  the  district  involved.  Some 
sales  may  have  as  low  as  2,000  fleeces;  others  may  run  to  10  times 
that  quantity.  The  sales  are  not  only  well  patronized  by  buyers  from 
English  mills  but  agents  representing  French,  German,  or  even 
American  interests  are  found  at  all  of  the  larger  sales.  Bidding  on 
choice  lots  is  usually  keen.  The  grower  may  place  a  reserve  bid  on 
his  wool,  and  in  the  event  this  reserve  is  not  reached  the  lot  may  be 
later  offered  at  private  sale  or  at  subsequent  auctions. 

Taking  the  auction  sales  as  a  whole,  the  price  advantage  to  the 
groAver  over  local  buyers  or  mill  agents  is  estimated  at  about  2  cents 
per  pound. 

(3)  The  development  of  cooperative  wool  marketing  associations  in 
England  is  comparatively  recent.  Three  such  cooperatives  are  now 
functioning,  the  first  of  which  is  the  Kent  Wool  Growers,  formed  in 
1920;  followed  by  the  Southern  Wool  Growers  of  Sussex  and  Here- 
fordshire, organized  in  1923;  and  the  Eastern  Wool  Growers  of 
Suffolk,  in  1926.  All  are  organized  along  similar  lines,  and  the 
wool  of  each  is  handled  in  a  similar  way. 

Several  English  sheep  breeders'  associations  are  now  combining  for 
the  purpose  of  preparing  the  farmers'  clips  for  market  (as  is  done 
in  Australia)  and  selling  the  wool  at  the  London  auction  sales. 

The  principal  motives  in  founding  these  cooperatives  were  so  to  class 
or  grade  the  wool  as  to  obtain  the  best  market  and  to  offer  it  in  such  a 
way  as  to  attract  competition  from  outside  countries.  Accordingly, 
depots  oi'  warehouses  w^ere  obtained  to  which  the  farmers  send  their 
wool  as  it  comes  from  the  sheep,  in  entire  fleeces.  These  fleeces  are 
opened  and  classed — that  is,  skirted  and  sorted  according  to  condi- 
tion, type,  and  grade — and  are  then  binned.  The  bins  are  baled  and 
marked  with  the  association  brand  and  type.  Sample  bales  are 
delivered  to  sales  brokers  at  London,  who  catalogue  the  offering  and 
place  it  on  the  market  at  such  times  and  in  such  quantities  as  the 
association  directs.  The  grower,  after  the  sale  of  all  the  avooI,  re- 
ceives the  average  price  of  all  the  sales  for  each  of  the  grades  or 
classes  represented  in  his  particular  clip. 
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The  wool  cooperatives  have  had  a  steady  and  consistent  growth 
since  their  organization.  Table  7  shows  the  record  of  the  Kent 
association.  The  other  cooperatives  show  a  similar  growth.  Ac- 
cording to  association  officials,  some  350,000  fleeces,  or  2,650,000 
pounds,  of  wool  were  marketed  cooperatively  in  England  in  1927. 

Table  7. — Record  of  the  Kent   Wool  Growers  Cooperative  Association,  1920- 

1927 


Year 

Mem- 
bers 

Capital 

Fleeces 
handled 

Value  of 
fleeces 

Total 

charge 

per 

pound  to 

members 

1920                                            - 

Number 
75 
101 
165 
407 
501 
705 
765 
819 

Dollars  i 
3,000 
3,400 
4,400 
7,500 
8,900 
10,500 
11,000 
11,500 

Number 
25,000 
25,000 
45,000 
95,000 
120,000 
149,000 
163,000 
164,000 

Dollars  i 
60,875 
40,400 
78,350 
256,900 
352,  425 
340, 100 
372,  475 
400,460 

Cents  i 
3H 

1921                    - - 

3 

1922                                 -- 

2% 

1923 - -- 

2 

1924                         - 

m 

1925                                    .   --     --- 

1926                                                      --- --- 

1% 

1927                         

1% 

1  Converted,  assuming  that  1  pound  equals  $4.87;  1  shilling  equals  $0.24;  and  1  penny  equals  2  cents. 

In  discussing  this  matter,  members  agreed  that  a  price  advantage 
of  4  cents  a  pound  has  been  consistently  shown  over  the  old  method 
of  selling  to  local  buyers  and  that  a  much  wider  outlet  has  been 
found  for  their  wool. 

In  1927,  the  Kent  Wool  Growers  received  an  average  of  36  cents 
per  pound  on  all  wool  handled;  some  of  the  better  grades  sold  for 
44  cents.  This  wool  corresponds  to  our  low-quarter  and  quarter- 
blood  wool,  or  40's  to  46's.  Some  of  this  wool  was  bought  for  the 
American  trade,  and  the  fact  that  the  average  farm  price  in  the 
United  States  for  wool  in  1927  was  30  cents  a  pound  is  worthy  of 
consideration  by  the  American  wool  grower. 

In  type  the  British  wool  cooperatives  are  similar  to  those  in  the 
United  States.  Membership  is  gained  through  the  purchase  of  one 
or  more  shares  of  stock  at  1  pound  sterling,  or  about  $5  per  share. 
Consignment  of  wool  is  voluntary,  but  no  wool  is  handled  except 
that  owned  by  members. 

Advances  are  made  on  the  wool  at  time  of  arrival  at  the  warehouse. 
Such  advances  are  provided  through  borrowing  money  at  the  banks 
or  by  utilization  of  capital  stock.  In  1927  the  advance  was  18  cents 
a  pound.  Members  at  the  beginning  of  the  season  are  furnished 
with  a  questionnaire  covering  the  quantity  of  wool  which  they  expect 
to  deliver  and,  in  a  general  way,  its  type.  This  provides  the  manage- 
ment with  necessary  data  as  to  space  required  for  storage,  number  of 
sacks,  and  help  needed  to  handle  consignments. 

An  interesting  column  in  Table  7  is  that  showing  the  handling 
charge  per  pound.  A  gradual  reduction  of  from  3^4  cents  to  1% 
cents  has  been  made  since  the  formation  of  the  association.  This 
reduction  is  due  to  increased  volume  of  business  alone,  according  to 
the  manager,  and  apparently  the  charge  has  about  reached  the  mini- 
mum. Labor  and  certain  other  distribution  costs  in  England  are 
much  below  those  in  the  United  States,  so  it  is  probable  that  our 
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better-managed  cooperative  wool  associations  are  operating  on  cost 
levels  that  compare  favorably  with  those  of  the  English  cooperatives. 

A  rather  surprising  feature  in  connection  with  the  sale  of  English- 
grown  wool  is  the  quantity  sold  for  export  consumption.  In  1926 
the  Avool  production  was  115,()0(),00()  pounds,  of  which  some  54,000,000 
pounds  was  sold  for  export;  and,  in  1927,  out  of  a  production  of 
119,000,000  pounds,  around  62,000,000  pounds  was  similarly  dis- 
posed of  {16,  f,  1039-lOJ^J;  ^,  p.  137).  Of  all  this  exported  wool, 
m  both  years  the  United  States  took  approximately  50  per  cent. 

The  Government  is  assisting  in  the  developement  of  cooperative 
marketing  by  collecting  and  disseminating  all  available  data  on  the 
movement  and  by  loaning  money  to  the  cooperatives  at  low  rates  of 
interest. 

SALES  OF  FOREIGN  WOOL  IN  ENGLISH  MARKETS 

London  is  the  great  wool  center  of  the  world,  and  the  world's  wool 
prices  are  generally  reckoned  on  a  London  basis.  Because  of  the 
wide  differences  in  wool  types,  and  of  the  wool  customers  coming 
into  the  London  market,  there  is  a  corresponding  degree  of  latitude  in 
the  methods  of  merchandising  the  wool.  Some  is  handled  by  buyers 
who  purchase  outright ;  some  is  dealt  with  at  private  treaty  by  con- 
cerns that  operate  on  a  brokerage  basis;  other  wool  is  sold  at  auction. 

One  rule  has  been  rigidly  enforced — and  that  is  that  a  broker  must 
confine  his  operations  to  a  brokerage  basis  and  must  not  buy  or  sell 
on  his  own  account,  a  rule  which  is  fair  to  the  producer. 

Naturally  the  auctions  are  accepted  as  the  indicators  of  wool  values, 
and  wool  bought  or  sold  at  private  treaty  reflects  the  auction-sale 
prices.  An  occasional  lot  of  wool  of  exceptional  type  or  quality  may 
be  disposed  of  without  much  relation  to  prevailing  prices,  as  for 
example,  when  one  commercial  firm  in  London  reported  selling,  in 
1927,  some  very  fine  German  wool  for  $1.68  per  pound,  clean.  This 
was  around  36  cents  per  pound  in  the  grease,  as  the  yield  was  only 
22  per  cent  clean  wool.  This  wool  was  special  in  type  and  entered 
into  special  manufacturing  processes.  Such  lines  are  so  small  as  to 
cause  little  variation  in  the  rule  mentioned.  Figure  34  shows  Tas- 
manian  Merino  ewe  lambs  Avhich  produce  the  quality  of  wool  that 
tojjped  the  London  sales  in  1927. 

The  method  of  selling  wool  at  auction  in  London  is  similar  to  that 
practiced  in  Australia,  so  it  is  not  necessary  to  describe  the  actual 
process  in  further  detail  here. 

In  1926,  815,653,000  {6,  p.  78)  pounds  of  wool  was  imported  into 
England,  which,  added  to  the  home  production  of  115,000,000  pounds, 
gave  a  total  of  930,000,000  pounds  of  wool  handled  through  the  British 
wool  trade.  The  leading  countries  contributing  to  this  amount  were : 
Australia.  304,554,000  pounds;  New  Zealand,  184,238,000  pounds; 
South  Africa,  147,741.000  pounds;  and  South  America,  88,429,000 
pounds. 

Much  of  the  wool  coming  from  the  first  three  countries  was  pur- 
chased at  the  auction  sales  held  in  their  respective  wool  centers;  a 
smaller  quantity  was  wool  sent  direct  to  London  on  sales  account. 
The  presence  of  Japanese  and  Russian  buyers  at  the  wool-producing 
centers,  as  well  as  buyers  from  all  the  countries  which  are  found  pur- 
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chasing  in  the  London  market,  has  had  the  effect  of  stimulating  sales 
in  these  places  to  the  point  where  there  seems  no  great  advantage  in 
consigning  to  the  London  sales. 

FRANCE 

France  is  not  generally  considered  a  sheep-producing  country  of 
note,  but  is  considered  a  wool-tnanufacturing  center.  Figures  for 
1926,  obtained  from  the  Institute  of  Zootechnics,  Paris,  show  about 
10,537,000  head  of  sheep  and  a  wool  production  of  47,619,000  pounds, 
an  average  of  slightly  over  4.5  pounds  per  head.  This  is  a  much 
lighter  fleece  weight  than  that  found  in  most  wool-producing  coun- 
tries, but  it  is  comparable  to  the  usual  fleece  weight  in  England. 


Figure  .']4. — Tasmauiau  Merino  ewe  lambs  that  produce  the  quality  of  wool  which 
topped  the  London  sales  in  1927 

As  in  England,  most  of  the  sheep  suggest  the  mutton  or  cross- 
bred types,  though  some  sections  (notably  the  Aries  section)  special- 
ize in  Merinos.  Another  section  that  produces  a  percentage  of  fine 
wool  is  the  Soissons  section,  near  Paris. 

HISTORY  OF  SHEEP  INDUSTRY  IN  FRANCE 

The  first  attempt  to  improve  the  sheep  of  France  dates  back  to 
1786,  when  318  Merino  ewes  and  41  rams  w^ere  selected  in  Leon, 
Spain,  and  sent  to  the  Government  farm  at  Rambouillet,  a  few  miles 
Avest  of  Paris.  This  importation  was  made  by  King  Louis  XVI,  on 
the  advice  of  his  councillors,  for  the  purpose  of  improving  the  native 
breeds  of  France,  which  at  that  time  produced  only  coarse  wool,  and 
to  develop  within  the  Empire  wool  for  the  production  of  fine  cloth. 

From  the  date  of  the  original  importation  to  the  present  time, 
141  years,  the  stud  at  Rambouillet  has  been  bred  strictly  within  itself. 
It  has  furnished  the  bulk  of  the  rams  which  have  improved  the 
French  flocks  and  has  contributed  largely  to  the  initial  development 
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of  the  fine- wool  industry  in  parts  of  Australia  and  South  Africa  and 
in  Germany  and  in  sections  of  North  America. 

The  aim  at  Rambouillet  is  to  produce,  as  nearly  as  possible,  the 
same  type  as  originally  imported  so  far  as  marking  and  fleece  fineness 
are  concerned,  but  to  improve  on  the  size  and  form.  In  this  those 
in  charge  of  the  work  have  succeeded  admirably.  Although  weights 
are  not  so  heavy  as  are  found  in  the  American  type  of  Rambouillet, 
the  fleece  is  finer  and  of  better  quality.  The  average  weight  of  the 
rams  is  about  164  pounds.  The  rams  shear  a  fleece  of  16  to  24 
pounds,  the  staple  varying  in  length  from  2i/2  to  3i/^  inches.  In 
1927  the  average  weight  of  the  rams  in  service  at  Rambouillet 
was  185  pounds  and  that  of  the  average  fleece  261/2  pounds.  The 
fleece  of  the  heaviest  shearing  ram  was  391^  pounds.  The  800  ewes 
in  the  flock,  or  troupe,  as  the  French  term  it,  averaged  99  pounds 
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Figure  35. — Ile-de-France  or  improved  Dishley  Merino  ewes.     Wool  ou  the  shoulder  is 
left  full  length  of  staple  for  showing  purposes 

live  weight  and  sheared  slightly  over  13  pounds  of  wool.  This  wool 
was  classed  as  64's  to  70's. 

Recently  a  school  of  instruction  in  sheep  breeding  and  management 
was  opened  at  the  Government  farm  at  Rambouillet. 

In  the  Department  of  Aisne  a  modification  of  the  type  kept  at 
Rambouillet  is  being  developed,  emphasizing  the  mutton  qualities 
of  the  breed.  Here  the  sheep  are  larger  and  of  good  mutton  type, 
but  the  fleece  weight  is  reduced;  the  rams  shear  about  17V2  pounds 
and  the  ewes  11  pounds.  The  staple  is  longer  but  not  so  fine  as  that 
at  Rambouillet;  it  resembles  the  American  Rambouillet  wool  some- 
what but  is  longer  and  softer.  Yearling  rams  weigh  160  to  200 
pounds  live  weight,  and  lambs  for  market  at  10  months  old  weigh 
140  pounds. 

A  cross  was  made  between  the  Rambouillet  and  the  longwool 
breeds,  and  the  result  was  called  the  Dishley  Merino,  a  breed  some- 
what comparable  with  the  Corriedale  of  New  Zealand.  In  recent 
years  a  still  further  injection  of  Merino  has  been  made,  and  the  result- 
ing breed  is  known  as  Ile-de-France    (fig.   35),   a   very  compact. 
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quick-maturing  mutton  type  producing  50's  to  56"s  wool  of  good 
character.  The  rams  shear  from  13  to  16  pounds  of  wool  and  have 
a  live  weight  of  from  220  to  300  pounds;  the  ewes  shear  from  10  to 
12  pounds  and  weigh  from  150  to  200  pounds.  The  wool  is  lustrous, 
of  good  length,  and  is  considered  desirable  from  the  manufacturer's 
standpoint.  These  two  breeds,  together  with  some  flocks  of  imported 
English  breeds,  constitute  most  of  the  better  class  of  sheep  of  north- 
ern France. 

An  interesting  situation  exists  in  the  Rhone  Valley  of  southern 
France  (12).  Here  a  type  of  Merino  (figs.  36  and  37)  has  been 
developed  under  conditions  similar  to  those  in  Spain  when  that 
country  was  in  the  zenith  of  its  sheep  industry.  The  flocks  are  kept 
in  the  rich  Rhone  Valley  during  the  winter  and  are  driven  up  into 
the  foothills  of  the  Alps  for  summer  grazing. 


Figure    3G.- — Merino    rams,    Aries,    Franco,    developi'd    for    mnuntain    grazing    in    the 

summer  months 

These  sheep  represent  a  type  that  is  similar  to  the  old  Spanish 
Merino,  as  they  are  the  result  of  mating  Spanish  Merino  rams  with 
,the  native  sheep  of  the  country  about  the  end  of  the  eighteenth  cen- 
tury, and  using  Merino  rams  continuously  until  the  type  was,  for 
all  practical  purposes.  Merino. 

In  form  the  sheep  is  somewhat  angular,  long  in  the  leg,  and  in- 
clined to  slope  in  the  rump.  The  ribs  are  flat,  and  the  face  and 
legs  are  lightly  covered  with  wool  or  fine  hair.  The  fleece  is  light 
in  weight,  ewes  shearing  from  4  to  614  pounds  of  wool  and  rams  from 
9  to  12  pounds.     Some  flocks  exceed  this  weight  by  2  to  4  pounds. 

The  wool  is  fine  and  of  good  staple,  3  to  4  inches  long.  It  yields 
from  30  to  40  per  cent  scoured  wool.  During  the  World  War  the 
flocks  were  reduced  about  one-half  in  size.  Approximately  250,000 
head  were  to  be  found  in  this  section  in  1927. 


FLOCK  MANAGEMENT 


The  method  of  management  is  usually  to  send  the  sheep  for  the 
summer  months  to  the  French  and  Italian  Alps  and  adjacent  moun- 
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tain  ranges.  Some  of  the  flocks  are  driven  overland,  others  go  by 
train.  The  costs  of  transportation  by  train  are  from  30  to  40  cents 
per  head.  When  driven  overland,  the  sheep  travel  about  10  miles 
during  each  24  hours,  traveling  mostly  by  night.  Pasturing  begins 
at  the  foot  of  the  mountains,  gradually  working  to  the  peaks  as  the 
snow  melts.  The  flocks  return  to  the  lower  altitudes  ahead  of  fall 
snows.    The  sheep  are  placed  in  inclosures  at  night. 

During  the  winter  the  flocks  are  kept  on  agricultural  land.  They 
run  each  morning  on  meadows  where  they  have  been  fed  and  on 
fresh  meadows  in  the  afternoon.  Lambing  occurs  in  October  and 
November.  Shepherds  with  dogs  confine  the  grazing  so  that  the  field 
is  cleaned  as  they  go.  The  sheep  are  housed  at  night,  and  are  fre- 
quently fed  hay  or  the  refuse  from  the  grape  presses.     The  winter 


Figure  37. — Merino  brood  ewes,  Aries,  France 

cost  of  maintenance  is  estimated  at  $3.60  for  a  ewe  and  $2.40  for  a 
ram.  Shearing  costs  from  2  to  21/2  cents  a  head,  with  board  for  the 
shearers  in  addition.  Wages  for  herding  are  as  follows:  Head 
shepherd,  $170  to  $240  a  year;  shepherds,  $120  to  $175  a  year;  and 
apprentices,  $65  to  $100  a  year.  Food  is  supplied  in  addition,  and  is 
estimated  to  cost  a  minim-um  of  20  cents  per  day.  Land  values  run 
from  $40  to  $90  an  acre. 


PREPARATION  OF  THE  FLEECE 

No  attempt  is  made  to  skirt  or  class  the  fleeces  at  the  farms. 
Shearing  is  done  b}^  hand,  the  body  of  the  fleece  being  taken  oif  with 
2-handled  clippers.  The  wool  is  packed  in  canvas  or  burlap  sheets. 
A  sheet  is  spread  on  the  ground,  and  25  to  30  fleeces  are  piled  on 
it.  The  corners  are  drawn  in  and  tied,  and  the  package  is  then 
turned  over  on  another  sheet,  which  in  turn  is  similarly  tied.  The 
wool  is  then  ready  for  shipment  to  market.  All  taglocks  and  other 
inferior  lots  are  packed  separately  and  not  with  the  best  wool. 
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METHODS  OF  MARKETING 

Much  of  the  wool  in  France  is  purchased  by  dealers  direct  from 
the  farmers.  According  to  an  official  of  the  Institut-National  Agro- 
nomique,  this  method  of  selling  is  rapidly  being  superseded  by  the 
development  of  marketing  organizations,  cooperative  in  character. 
Some  wool  is  sold  at  public  auction  at  Dijon  by  private  brokers. 
There  are  two  cooperative  associations  of  considerable  importance, 
the  Syndicate  des  Eleveurs  de  Merinos  d'Arles  and  Le  Syndicate 
des  Producteurs  de  Laine.  Both  of  these  associations  operate  under 
the  French  cooperative  marketing  act  of  1884,  but  they  differ  slightly 
in  their  type  of  organization  and  in  the  method  of  disposition  of 
their  wool. 

The  Syndicate  des  Eleveurs  de  Merinos  d'Arles,  or  the  Association 
of  Merino  Breeders  of  Aries,  deals  with  breeding  and  management 
problems  as  well  as  the  marketing  of  wool.  It  keeps  the  stud  books 
of  the  breed,  investigates  the  range  for  summer  feeding  and  trans- 
portation problems,  and  arranges  exhibitions  of  sheep  at  fairs  and 
other  activities. 

Membership  is  voluntary,  and  a  fee  of  80  francs  is  charged  for 
stock.  New  members  are  admitted  to  the  organization  upon  the 
recommendation  of  members.  Withdrawal  may  occur  at  any  time, 
but  all  stock  is  forfeited..  Borrowing  for  current  needs  is  limited  to 
1,000  francs  (about  $40  as  of  November,  1927),  except  with  authority 
of  the  members  in  a  body.  Expulsion  of  members  on  account  of 
fraud,  false  statements,  or  refusal  to  pay  dues  is  provided  for. 

The  association  is  governed  by  a  president,  two  vice  presidents,  a 
secretary,  and  treasurer,  and  a  directorate  of  six  members,  who  are 
elected  annually  at  a  general  meeting. 

Among  the  various  activities  of  the  organization  are  listed  the  fol- 
lowing: Organization  of  Merino  breeders'  show,  introduction  of  im- 
proved Merino  blood,  adjustment  of  summer  pasture  rates,  reduction 
of  freight  rates,  introduction  of  better  methods  of  preparing  wool 
for  market,  arrangement  of  trailing  privileges  to  summer  range,  dip- 
ping and  vaccination  of  sheep,  purchase  of  feed  cooperatively,  and 
organization  of  the  wool  market  at  Aries. 

Its  sources  of  income  are  membership  fees,  an  annual  fee  of  5 
francs  10  centimes — about  20  cents — per  head  on  all  sheep  owned, 
and  contributions  of  funds  from  the  Government  of  France  and  from 
districts  involved,  for  the  production  of  better  breed  types. 

AUCTION   SALES 

There  are  four  chief  marketing  centers  for  the  southern  France  co- 
operative group — Miriams,  Aries,  Salon,  and  St.  Martin  de  Crau. 
Warehouses  are  located  at  these  points,  and  wool  is  brought  in  by 
producers,  catalogued,  and  sold  at  auction  sales.  The  movement 
started  in  1922,  when  conditions  were  not  satisfactory  to  anyone 
except,  perhaps,  the  buyers. 

A  canvass  of  the  situation  was  made,  a  decision  to  sell  the  wool 
at  auction  sale  was  reached,  and  these  concentration  points  were 
selected.  At  that  time  all  wool  in  southern  France  was  sold  to  local 
buyers.  To-day  it  is  all  sold  at  auction,  three-fifths  through  the 
cooperative  association  and  the  remainder  through  private  brokers. 
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Delivery  of  wool  on  the  part  of  the  member  is  compulsory  and 
advances  up  to  75  per  cent  of  the  current  value  of  the  clip  are  made 
at  time  of  delivery.  These  advances  are  through  loans  by  the  Gov- 
ernment to  such  organizations,  at  an  interest  rate  of  2  per  cent. 
The  association  levies  a  charge  of  5  centimes  per  pound,  or  about  one- 
fifth  cent,  for  selling  the  wool. 

In  1927  approximately  8,500,000  pounds  of  wool  were  handled  at 
the  association  warehouses,  realizing  an  average  price  on  all  grades 
of  10  francs,  or  40  cents  per  pound.  The  cooperative  claims  a  price 
advantage  of  4  cents  or  more  per  pound  over  the  old  system  of  wool 
selling,  to  say  nothing  of  the  increased  offers  made  by  local  dealers 
because  of  the  presence  of  the  cooperative. 

In  selling,  the  time  of  sale  and  quantities  of  wool  to  be  offered  are 
determined  and  catalogues  are  prepared  accordingly,  listing  the  wool 
by  clips,  so  that  each  producer's  wool  keeps  its  identity  until  after 
it  has  been  sold.  The  ewe  and  wether  wools  are  kept  separate  from 
the  lambs'  wool,  as  the  latter  is  a  short  clip,  the  lambs  being  born 
in  October  and  November  and  sheared  in  April.  Settlement  for  the 
wool  is  made  immediately  following  the  sale,  and  wool  is  then  held 
at  the  purchaser's  risk. 

COOPERATIVE  MARKETING 

Le  Syndicat  des  Producteurs  de  Laine,  or  the  Association  of  Wool 
Producers,  operating  in  Champagne,  has  as  its  center  the  city  of 
Rheims.  This  association  was  formed  in  1921,  not  with  the  intent 
of  forming  a  cooperative  wool-selling  plan  but  to  devise  some  method 
of  disposing  of  the  wool. 

At  this  time  France  was  just  emerging  from  the  ruins  of  the 
World  War,  and  the  large  wool-manufacturing  centers  of  this  dis- 
trict were  destroyed  or  were  handicapped  for  lack  of  labor.  The 
condition  of  the  farmers  was  little  if  any  better,  as  many  of  them  in 
this  area  did  not  have,  at  that  time,  storage  facilities  to  keep  their 
wool  after  it  had  been  sheared.  At  a  meeting  called  to  discuss  the 
situation  it  was  remarked  that  in  the  districts  of  Rehkel  and  Vau- 
ziers,  in  1891,  several  wool  producers  had  been  boycotted  by  the  wool 
trade  and,  in  order  to  dispose  of  their  wool,  had  collected  it  in  a 
central  spot,  had  had  it  valued,  and  had  then  sold  it,  realizing  a 
profit  of  15  per  cent  over  local  prices  for  the  season.  This  organiza- 
tion functioned  only  the  one  year,  as  buyers  stopped  the  movement 
before  it  went  far.  With  this  initial  effort  in  mind  it  was  decided  to 
repeat  the  experiment  of  1891,  and  a  very  loose  organization  was 
developed.  About  this  time  one  of  the  mills  in  Rheims  had  begun 
to  Avork  its  plant  in  a  small  way.  This  mill  offered  storage  facilities 
for  the  wool,  and  the  offer  was  accepted. 

A  constitution  was  drawn  up  which,  with  minor  changes,  serves 
the  association  at  the  present  time.  It  sets  out  as  its  primary  object 
the  sale  of  its  members'  wool  in  the  grease,  or  as  washed  wool,  or  as 
combed  top.  Delivery  of  wool  to  the  association  constitutes  member- 
ship. The  membership  fee  is  fixed  at  1  franc  per  1,000  francs  of  the 
value  of  wool  received,  or  0.1  per  cent  of  the  sale  price  of  the  wool. 

The  affairs  of  tlie  association  are  administered  by  a  president,  a 
secretary,  and  11  directors.  These  directors  are  elected  every  year  by 
ballot  of  all  the  members  in  the  association.    The  directors  employ  a 
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broker,  who  receives  the  wool,  classes  and  sorts  it,  and  makes  arrange- 
ments with  the  mills  for  processing  and  selling  it. 

The  broker  who  is  employed  by  the  association  is  in  charge  of  the 
wool  from  the  time  of  its  arrival  and  attends  to  the  weighing,  sorting, 
and  grading.  He  also  fixes  the  relative  values  of  each  lot  or  type. 
The  salary  of  the  broker  is  based  on  the  volume  of  avooI  received  and 
is  one-fifth  cent  per  pound,  or  20  cents  per  hundredweight.  The 
seller  takes  the  w^ool  after  it  is  prepared  for  the  market  and  handles 
it  on  a  basis  of  3  per  cent  of  the  sale  price.  He  furnishes  a  guarantee 
of  the  sale  to  the  association. 

The  bulk  of  this  wool  is  now  handled  through  a  cooperative  society 
of  wool  combers  at  Rheims  which  makes  it  into  wool  top  and  forwards 
it  to  the  various  factories  as  directed  by  the  sales  agent.  The 
Society  of  Combers  receives  X14  cents  a  pound  for  putting  the  wool 
into  top. 

Table  8. — Receipts  of  wool  hy  the  Society  of  Comhers,  France,  1921-1921 


Year 

Wool 
received 

Year 

Wool 
received 

1921 

Pounds 
66,000 
193,934 
363,000 
700,000 

1925 

Pounds 

850,802 

1922 

1926 

1, 133,  207 

1923  - 

1927 

»  1,  260, 000 

1924 . 

1  Estimate. 


The  growth  of  the  association  is  briefly  shown  in  Table  8.  There 
has  been  a  steady  growth  since  the  beginning  of  the  organization. 
The  price  of  the  wool  handled  by  the  asscx'iation  as  compared  with 
wool  of  similar  type  sold  to  local  buyers  has  had  a  favorable  influ- 
ence. According  to  the  president  of  the  association,  the  average 
gain  has  been  4  cents  per  pound  on  all  the  wool  handled  by  the  asso- 
ciation. In  1926  it  was  decided  to  advance  To  per  cent  of  the  current 
value  of  the  wool.  The  money  is  obtained  in  the  same  way  and  at 
the  same  rate  as  that  of  the  cooperatives  in  the  Aries  section. 

An  interesting  feature  of  the  Association  of  Wool  Producers  is 
its  method  of  determining  the  relative  values  of  the  different  types  of 
wool.  The  basic  price  is  fixed  yearly  according  to  quality,  fineness, 
percentage  of  loss  in  combing,  and  other  factors.  It  has  nothing  to 
do  with  the  actual  prices  which  may  be  received  for  the  wool,  nor 
is  it  used  as  a  basis  for  determination  of  asking  prices.  It  is  used 
after  the  sales  in  working  out  the  proportion  of  the  sales  price  which 
should  be  assigned  to  the  various  lots  sold.  For  this  section  the 
base  price  itself  is  used  on  the  crossbred  merino  longwool  or  Ile-de- 
France  wool,  as  this  is  the  more  common  type  and  is  considered  the 
most  desirable  of  the  wools  of  this  section. 

As  an  illustration  of  the  working  of  this  price,  in  1924  the  base 
price  on  this  type  of  wool  was  fixed  at  32  cents  per  pound,  the  esti- 
mated yield  in  top  being  40  per  cent.  Should  the  top  yield  45  per 
cent,  its  value  would  be  arrived  at  by  multiplying  45  by  8  and  divid- 
ing by  the  estimated  yield,  40,  which  gives  a  value  of  38  cents.  Should 
the  wool  of  this  type  be  actually  sold  at  40  cents,  a  like  ratio  in  price 
addition  would  be  carried  to  the  various  off  sorts  and  grades. 
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One  matter  which  is  giving  the  association  some  concern  is  the 
fact  that  producers  must  wait  for  their  money  until  the  expiration  of 
the  wool-selling  year.  As  an  alternative,  an  advance  payment  near 
the  middle  of  the  year  is  being  contemplated.  The  very  low  interest 
rate,  charged  on  loans  secured  by  this  wool  should  make  this  an 
item  of  small  account. 

The  Government  is  encouraging  the  development  of  cooperative 
marketing  and  the  production  of  purebred  sheep.  All  stud  books 
are  under  Government  control,  and  no  animal  is  permitted  to  be 
registered  until  it  has  been  passed  by  the  inspector,  who  notes  its 
qualities  and  takes  a  nose  print  with  modeling  wax  as  a  means  of 
identification.  The  print  is  photographed  and  forms  a  part  of  the 
pedigree  record  of  the  animal.  If  the  sheep  is  exported,  the  print 
becomes  a  part  of  the  export  certification  papers. 

SUMMARY 

The  observations  of  the  status  of  the  sheep  industry  and  wool-mar- 
keting practices  in  the  countries  embraced  in  this  bulletin  show  some 
points  of  striking  similarity  considering  the  wide  area  covered,  the 
different  types  of  sheep  husbandry  practiced,  and  the  fact  that  some 
countries  have  sparsely  inhabited  new  sections  with  large  areas  for 
pasturage,  whereas  others  are  in  old  countries,  densely  populated, 
where  of  necessity  the  breeding  of  sheep  must  be  done  on  a  minor 
scale. 

The  following  are  some  of  these  points  of  similarity : 

The  adaptation  of  the  industry  to  local  conditions.  In  Australia 
the  sheepman  has  developed  a  large-framed  animal,  which  produces 
a  heavy  fleece  of  fair  quality  and  which  will  range  over  wide  areas. 
To  accomplish  this  end  he  has  combined  the  blood  of  many  families 
of  Merinos,  has  at  times  gone  outside  the  breed,  and  has  rigorously 
culled  to  a  standard.  When  parts  of  the  country  began  a  crop  system 
of  agriculture  the  Merino  was  crossed  with  the  longwool  breeds — 
Lincolns  and  Leicesters — to  develop  a  market  lamb  having  a  good 
carcass  and  carrying  a  good  fleece.  On  the  high-producing  areas  of 
fairly  good  rainfall  the  fine-wool  types  have  demonstrated  their 
superiority,  so  that  they  have  continued  to  supply  the  majority  of  the 
sheep  of  those  sections. 

New  Zealand,  with  more  abundant  vegetation  and  a  heavier  rain- 
fall, has  turned  almost  entirely  to  production  of  mutton.  All  the 
breeds  of  England  have  been  tried  and  few  have  come  up  to  the 
requirements  of  the  New  Zealand  breeder,  so  he  has  evolved  his  own 
breed  to  meet  the  demand  of  his  market  for  an  early  maturing  lamb 
of  light  weight  and  little  waste  in  dressing,  produced  from  a  dam 
that  shears  a  heavy  fleece.  Of  the  two  or  three  English  breeds  which 
have  survived  in  New  Zealand,  radical  changes  have  been  made  in 
type.  These  breeds  are  the  Romney,  Leicester,  and  Lincoln.  In  all 
three  the  size  has  been  decreased,  the  legs  shortened,  the  body  made 
more  compact,  and  the  fleece  refined,  to  secure  a  better  sire  for  mating 
with  Merino  or  crossbred  ewes.  Some  Southdown  and  Ryeland  rams 
are  kept  for  use  with  crossbred  ewes  in  order  to  secure  a  very  fine 
lamb  for  later  freezing  purposes.  In  the  rough  country  the  Merino 
has  held  its  own  on  account  of  its  hardiness  and  ranging  qualities. 
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The  Union  of  South  Africa  is  a  wool-producing  country,  and  the 
efforts  in  sheep  breeding  have  been  to  obtain  higher  yield  and  better 
quality  of  wool.     In  this  respect  the  country  has  made  great  progress. 

England  has  a  different  breed  or  type  in  every  section,  all  based  on 
utilitarian  grounds.  In  light  pasturage  on  windswept  moors  the 
Exmoor  and  similar  types  are  found — -hardy,  active  sheep,  of  good 
quality  for  mutton  but  bearing  inferior  wool.  The*  chalk  downs  of 
Sussex  and  the  Wye  Valley  of  Herefordshire  have  developed  the 
Southdown  and  Eyeland,  nuggetlike  meat  packages  with  a  compara- 
tively fine  fleece,  whereas  in  the  mountain  ranges  in  the  north  the 
mountain  breeds  have  long,  shaggy  coats  to  Avithstand  the  rigors  of 
the  climate. 

In  southern  France,  where  summer  mountain  range  exists,  a  type 
of  Merino  has  been  evolved  which  is  long  in  leg,  hardy,  and  able  to 
return  a  good  account  to  its  owner.  In  northern  France  an  entirely 
different  type  of  Merino  is  found,  because  a  different  environment 
exists.  Here,  also,  has  been  developed  a  crossbred,  longwool  Merino 
type  to  meet  the  demand  for  a  market  lamb. 

In  short,  the  sheepmen  of  these  countries  seem  to  be  more  con- 
cerned about  the  utility  of  an  animal  than  the  breed  to  which  it  may 
belong,  and  breeds  have  been  evolved  and  types  established  on  this 
basis. 

In  all  of  the  countries  covered  methods  of  getting  the  clip  to  mar- 
ket in  the  best  condition  and  in  such  shape  as  to  attract  the  largest 
possible  number  of  buyers  were  given  much  study.  Naturally  there 
is  a  difference  in  systems  used  and  the  extent  of  their  application, 
but  in  all  of  them  the  matter  of  better  preparation  of  the  clip  is 
considered  a  question  of  major  importance. 

Australia  has  an  almost  universal  system  of  classing  and  is  now 
studying  methods  of  standardization  of  classing  and  best  types  of 
pack. 

New  Zealand  classes  all  of  its  wool  and  is  developing  central  class- 
ing plants  in  line  with  Australia's  move  in  that  direction. 

In  South  Africa  40  per  cent  of  the  wool  is  classed  and  great  effort 
is  being  made  to  extend  this  proportion  to  100  per  cent. 

England  has  adopted  the  classing  of  wool  in  its  cooperative  asso- 
ciations; France  has  gone  beyond  that,  and  in  one  of  the  cooperatives 
has  the  sorted  wool  made  into  wool  top. 

The  opinion  of  the  best  authorities  in  all  of  these  countries  seems 
to  be  that  selling  the  fleece  entire  as  taken  from  the  sheep  does  not 
react  to  the  greatest  possible  advantage  of  the  wool  producer  and 
that  wool  classing,  or  soiling  the  fleeces  according  to  grade,  condi- 
tion, and  other  factors,  is  the  only  satisfactory  method  of  prepar- 
ing the  wool  for  market.  Sentiment  is  apparently  crystallizing  to 
the  effect  that  classing  should  be  done  in  centrally  located  ware- 
houses rather  than  at  production  points,  as  larger  lines,  more  uniform 
in  type,  can  be  obtained,  and  the  buyer  is,  therefore,  assured  of  a 
better  standardized  product. 

In  improved  methods  of  disposing  of  the  clip'  there  are  points 
of  marked  similarity.  The  activities  of  the  speculative  buyer  are 
being  rapidly  curtailed  in  so  far  as  the  purchase  of  the  clip  from 
the  individual  producer  is  concerned.    Auction  sales  through  broker- 
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age  houses  are  gradually  gaining  ground.  In  Australia  95  per  cent 
of  the  total  clip  is  so  disposed  of.  New  Zealand  closely  approaches 
this  mark,  and  South  Africa  sees  yearly  an  increasing  percentage. 
France  and  England  are  gradually  adopting  the  plan. 

These  auctions  may  vary  from  a  carefully  planned  system  of  sales 
covering  the  entire  country,  both  as  to  time  and  quantity  to  be 
offered,  to  a  local  collection  of  wool  to  be  sold  at  some  fair;  but  in 
principle  the  operation  is  the  same,  and  the  fact  that  the  auctions 
are  steadily  increasing  in  volume  of  wool  sold  is  fairly  conclusive  proof 
that  producers  of  wool  consider  them  an  advance  step  in  marketing. 

Cooperative  marketing  of  wool  is  making  progress  in  all  of  these 
countries  along  somewhat  similar  lines,  and  is  reflecting  the  world- 
wide trend  of  agriculturists  toward  coordination  of  effort  in  the 
marketing  of  farm  products.  That  the  need  of  cooperative  marketing 
has  been  felt  by  those  who  produce  large  individual  clips  with  the 
markets  of  the  world  at  their  door  as  well  as  by  the  small  farmer  who 
has  a  few  fleeces  located  in  the  midst  of  a  wool-manufacturing  section 
is  worthy  of  consideration. 

An  active  interest  in  the  sheep  industiy  is  being  shown  by  the 
governments  of  the  countries  studied. 

Australia  is  training  many  men  in  wool  classing  and  sheep  breeding 
in  the  State  schools  and  colleges.  Each  State  has  a  sheep  and  wool 
expert  to  advise  and  confer  with  the  sheep  farmer,  and  steps  are  being 
taken  to  coordinate  these  efforts  through  a  Commonwealth  sheep  and 
wool  division.  Research  work  on  suitable  plants  for  forage  and  for 
supplying  mineral  deficiencies  is  also  in  progress.  Recently  the  Gov- 
ernment appointed  a  committee  on  pastoral  conditions  to  investigate 
transportation,  pastures,  preparation  of  products  for  market,  and 
marketing  problems. 

New  Zealand  is  working  along  similar  lines,  with  emphasis  on 
mutton  production,  as  this  is  the  big  industry  of  the  New  Zealand 
farmer. 

South  Africa  furnishes  Government  men  to  aid  the  sheepman  in 
matters  of  breeding  and  management  and  schools  wdiich  teach  class- 
ing and  related  subjects.  The  Government  Land  Bank  aids  the 
financing  of  cooperative  effort  through  money  loans  at  low  interest 
rates. 

France  loans  money  to  the  cooperatives  at  a  very  low  rate  of  interest 
and  recently  opened  a  school  of  instruction  in  sheep  breeding  and 
management  at  the  Government  farm  at  Rambouillet.  All  stud  books 
are  under  Government  control,  and  no  animal  is  permitted  to  be 
registered  until  it  has  been  passed  by  the  inspector,  who  notes  its 
qualities  and  takes  a  nose  print  as  a  positive  means  of  identification. 
This  print  is  taken  with  modeling  wax,  is  then  photographed,  and 
forms  a  part  of  the  pedigree  record  or  of  the  export  certificate  if  the 
animal  is  exported. 

In  England  research  work  and  breeding  experiments  are  conducted 
at  Leeds,  with  a  view  to  giving  the  wool  grower  information  as  to 
the  production  of  better  grades  of  wool  in  his  flock.  The  Govern- 
ment is  assisting  in  the  development  of  cooperative  marketing  by 
collecting  all  possible  data  on  the  movement  and  by  loaning  money 
at  low  interest  rates  to  such  organizations. 


APPENDIX  A.— NEW  ZEALAND  REGULATIONS  GOVERN- 
ING THE  SELLING  OF  WOOL   (7) 

These  regulations  may  be  cited  as  the  Board  of  Trade  (wool  industry)  Regu- 
lations, 1925. 

In  these  regulations  minister  means  the  Minister  of  Agriculture. 

The  minister  may  appoint  a  committee,  to  be  known  as  the  New  Zealand 
Wool  Committee  (hereinafter  referred  to  as  "the  wool  committee"),  consisting 
of  a  chairman  (who  shall  be  a  producer),  two  representatiyes  of  wool  brokers, 
two  representatives  of  wool  growers,  and  such  other  persons  as  he  may  from 
time  to  time  decide,  to  hold  office  during  his  pleasure.  At  any  meeting  of  such 
committee  three  shall  form  a  quorum. 

The  wool  committee  may  from  time  to  time  determine  the  maximum  aggre- 
gate quantities  of  wool  that  may  be  offered  for  sale  by  public  auction  in  any 
per.od,  and' may  with  respect  to  any  specified  sale  by  public  auction  fix  the  max- 
imum quantity  of  wool  that  may  be  offered. 

(1)  It  shall  not  be  lawful  for  any  person  holding  a  license  under  the  auc- 
tioneers' act  to  otter  wool  for  sale  by  public  auction,  except  subject  to  the  fol- 
lowing conditions,  viz :  That  he  shall  have  obtained  a  pemiit  issued  by  the  wool 
committee  on  behalf  of  the  board  of  trade,  and  shall  have  deposited  with  the 
wool  committee  an  undertaking  (in  such  f(n*m  Jind  subject  to  such  guaranty 
as  the  wool  committee  may  require)  that  he  will  faithfully  adhere  to  such  direc- 
tions as  the  wool  committee  may  give  in  writing  from  time  to  time  to  the  local 
wool  brokers'  association  of  which  he  is  a  member  as  to  the  maximum  quantity 
of  wool  that  may  be  offered  at  any  specified  auction  sale. 

(2)  Any  auctioneer  who  sells  wool  without  a  iDermit,  or  who  fails  to  adhere 
to  the  directions  of  tlie  wool  committee  as  afoi-esaid,  shall  be  guilty  of  an 
offense  against  these  regulations  and  shall  be  liable  accordingly. 
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SEASON  1927-28^'' 

The  highest  bidder  for  each  lot  shall  be  the  buyer,  the  vendors  reserving  to 
themselves  the  right,  by  themselves  or  their  agents,  to  bid  once  for  each  lot; 
and,  if  any  dispute  shall  arise  between  the  bidders  for  any  lot,  it  shall  be  decided 
by  the  auctioneer,  unless  one  of  the  clainmnts  advance,  in  which  case  thei  lot 
shall  be  put  up  again ;  and  no  buyer  shall  retract  his  bidding. 

Each  lot  purchased  shall  be  weighed  by  the  warehouse  keeper  and  shall  be 
taken  away  by  the  buyer  at  his  own  expense  within  14  days  after  the  sale,  and 
shall  be  paid  for  in  cash  before  delivery  or  on  obtaining  the  order  for  delivery. 
If  the  exact  amount  of  the  purchase  money  can  not  be  ascertained,  the  purchaser 
shall  pay  the  auctioneer  the  estimated  value,  and  any  difference  shall  be  ad- 
justed as  soon  as  the  invoice  is  completed,  and  the  buyer  shall  pay  to  the  vendors 
interest  at  the  rate  of  10  per  cent  a  year  upon  the  price  of  all  goods  not  paid 
for  in  terms  of  these  conditions.  Weights  to  be  agreed  on  delivery,  and  no 
claim  for  short  weights  shall  be  recognized  after  wool  is  delivered. 

During  three  days  from  the  time  of  sale  every  reasonable  facility  will  be  given 
by  the  warehouse  keeper  for  the  examination  of  any  portion  of  the  bulk  not  pre- 
viously on  view,  after  which  no  allowance  will  be  made  for  faults,  errors  of 
description,  difference  of  weights,  or  other  claim  of  any  nature  or  kind  whatever, 
except  in  case  of  false  packing,  any  claim  for  which,  if  certified  to  by  two  well- 
known  and  disinterested  wool  brokers  or  merchants,  will  be  recognized  and 
taken  into  consideration.  Should  it  apiiear  to  the  purchaser  that  any  bale  or 
bales  materially  differ  from  those  exhibited,  any  dispute  or  claim  made  by  the 
purchaser  in  respect  of  such  difference  shall  (if  not  forthwith  arranged)  be 
referred  to  the  decision  of  two  indifferent  persons — one  to  be  chosen  by  the 
Selling  brokers,  the  other  by  the  purchaser — who  shall,  if  they  disagree,  nominate 

i«As  published  by  Elder,  Smith  &  Co.  (Ltd.),  wool  and  produce  brokers,  Adelaide  and 
Port  Adelaide. 
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an  umpire,  and  the  award  of  such  arbitrators  or  umpire  shall  be  conclusive  on 
the  parties,  provided  the  same  be  made  in  writing  within  the  said  three  days. 
And  neither  party  shall  be  at  liberty  to  institute  proceedings  at  law  or  in  equity 
against  the  other  during  the  said  three  days,  or  until  such  dispute  shall  have 
been  submitted  to  arbitration,  as  aforesaid,  and  the  arbitrators  or  umpire  shall 
have  neglected  or  delayed  to  give  their  or  his  award  to  the  disputants  during 
the  said  three  days;  and,  if  the  decision  of  such  arbitrators  or  umpire  be  in 
favor  of  the  purchaser,  then  he  shall  be  at  liberty  to  reject  the  said  bale  or 
bales  by  giving  notice  in  writing  of  his  intention  to  do  so  to  the  brokers  during 
business  hours,  before  the  expiration  of  the  said  three  days.  The  cost  of  the 
arbitration  and  award  shall  abide  the  event ;  and  if  through  any  neglect  or 
omission  on  the  part  of  the  buyer  the  matter  in  dispute  shall  not  be  submitted 
to  arbitration  as  aforesaid,  the  sale  shall  be  held  good  and  valid,  and  the 
purchaser  shall  be  bound  to  accept  the  property  sold.  And  this  condition  shall 
not  prejudice  the  vendor's  rights  under  the  other  conditions  herein  contained. 

All  goods  shall  be  at  the  risk  of  the  buyer  at  the  expiration  of  14  days  from 
the  day  of  sale.  Such  goods  shall  be  held  covered  by  the  vendors  against  loss 
or  damage  by  fire  to  an  amount  not  exceeding  the  invoice  value  thereof  and 
subject  to  the  terms,  conditions,  and  settlement  of  the  policies  of  insurance 
effected  by  the  vendors  (and  the  cost  of  such  insurance  shall  be  paid  by  the 
buyer  before  delivery  of  the  goods). 

Except  in  case  of  dispute,  no  person  shall  advance  at  any  bidding  less  than 
1  farthing  per  pound  on  wools  over  4  pence  per  pound,  and  on  all  star  lots 
biddings  shall  be  by  farthings. 

A  tare  will  be  allowed  of  11  pounds  per  bale  on  wool,  and  a  draft  of  1  pound 
per  hundredweight,  and  no  other  allowance  of  any  sort  will  be  made. 

The  buyer  in  all  cases  shall  pay  the  brokers  one-eighth  of  a  penny  per 
pound  uDon  all  wool  excepting  greasy  locks,  the  delivery  charge  for  which  will 
be  1  shilling  per  bale  or  3  pence  per  bag,  this  charge  to  include  rebranding 
and  mending  bales  and  drawing  samples  when  required  and  fire  insurance  until 
paid  for. 

The  buyer  shall,  if  required  by  the  auctioneer  at  any  time  during  or  after  the 
sale,  pay  to  the  auctioneer  a  deposit  of  25  per  cent  upon  the  broker's  estimated 
value  of  the  lot  purchased  and  shall  sign  these  conditions  of  sale. 

If  the  buyer  shall  make  default  in  complying  with  these  conditions,  or  any 
of  them,  the  lot  or  lots  purchased  by  such  defaulting  buyer  shall  be  resold  by 
public  auction,  with  or  without  notice  to  such  buyer,  at  such  time  and  place 
as  may  be  convenient  to  the  auctioneer;  and  any  loss  arising  from  such 
resale  shall  be  made  good  by  the  defaulting  buyer,  at  whose  risk  the  goods  are 
resold,  and  any  excess  on  such  resale  shall  be  retained  by  the  seller,  and  any 
deposit  that  may  have  been  paid  by  such  defaulting  buyer  shall  be  forfeited. 

The  auctioneers  will  accept  the  bids  of  any  buyer  only  on  the  express  condi- 
tion that  such  buyer  is  not  acting  on  behalf  of  a  principal  resident  in  any  coun- 
try which  is  at  war  with  Great  Britain.  The  auctioneers  reserve  to  themselves 
the  right  of  canceling  any  purchase  made  in  violation  of  this  condition. 

The  auctioneers  reserve  the  right  to  refuse  any  bid  without  giving  any  reason 
for  so  doing. 

If.  however,  owing  to  strikes,  the  buyer  has  no  opportunity  of  shipping  his 
wool  (the  onus  of  proof  of  which  shall  rest  on  the  buyer),  then  the  buyer  shall 
not  be  bound  to  take  delivery  and  pay  for  the  same  in  cash  nor  will  the  vendor 
receive  payment  until  such  time  as  he,  the  buyer,  shall  have  a  reasonable  oppor- 
tunity to  ship  and  receive  bill  of  lading,  and  no  additional  charge  shall  be  made 
for  interest,  storage,  or  insurance. 

If  the  weighing  and/or  delivery  of  the  goods  sold  or  any  iwrtion  of  them 
shall  be  hindered  or  prevented  by  reason  of  any  general  or  partial  strike, 
lockout,  or  combination  of  workmen,  the  period  or  periods  within  which  such 
weighing  and/or  delivery  shall  be  effected  shall  be  extended  for  so  long  as  shall 
under  the  circumstances  of  the  case  be  reasonable. 


APPENDIX  C— TYPICAL  FORMS  USED  IN  SELLING  WOOL 

The  following  forms  are  shown  to  illustrate  some  of  the  records  used  in  selling 
foreign  wool  which  might  be  of  interest  to  members  of  the  wool  industry  in  the 
United  States.  Careful  attention  to  details  is  to  be  noted,  esi>ecially  in  the 
Australian  system. 
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WRIGHT,  STEPHENSON  &  CO.,  LTD. 


WOOL  INSTRUCTION  FORM 

TO  CLIENTS— 

To  facilitate  our  arre^gcmcnts  for  Ihc  coming  Wool  Season  we  shall 
he  obliged  if  yon  inll  fill  in  the  information  required  in  this  form,  sign,  and  Return 
it  to  ns  at  yonr  earliest  convenience. 


1.     At   ;ilK>iit   wh.1t  date  do  you  usually  commence 
she.iring? 


2.     How  m.any  bales  do  you   expert    to   forward: 
Give  description. 


3.     Wliat  brand  do  you  put  on  your  Bales ? 
(State  clearly.    Very  Important.) 


4      When  will  yr>;:r  Wool  Ik  forwarded  to  Wellington 
and  b}-  what  means  ? 


5.  How   do  you  wish   your   wool    injured  ? 

From  sheep's  back  or  shed  door  ? 

6.  How  do  you  wi>h  us  to  deal  with  your  wool  ? 

1.  (Hfer  .as  received. 

2.  Kc-class 

3.  Bin 

7.  What  advance,  if  any,  do  you  require  ? 


This  Form  when  hlled  up,  signed,  and  returned  to  the  Company,  acts  as  a  Declaration  ol  Insurance  ondcr 
OUT  Open  PoUcy  which  provides  cover  afcainst  Fire,  Flood,  Rainwater,  and  Sea  Risks  with  avera<?e.  Tho 
risk  of  Earthquake  or  Fire  caused  by  Earthquake,  is  not  included,  but  will  be  included  at  current  rates  if 
specially  asked  for  on  this  form.  An  additional  rate  of  1  -  "„  per  month  is  charged  for  periods  of  Insurance 
exceeding  30  days.    AU  Wool  is  Insured  at  full  market  value. 

You  are  anthorised  to  debit  my  account  with  all  shipping,  insurance,  and  other  charges  incurred  on  all  produce 
shipped  and  you  will  please  make  me  an  advance  or  advances  against  such  produce  when  shipped,  up  to  the  amount  above 
inenliop-  d.  1  am  aware  that  in  connection  with  my  business,  you,  under  the  recognised  trade  usage,  retain  the  usual  primage, 
a  commi<i>i<in  on  insurance  premiums,  the  usual  discount  on  advcrtiscmriit  Ciiarses,  and  a  rebate  from  the  usu.il  commission 
yr  brokcr.igr  paid  on  sal.  3  ol  wool,  live  and  dead  stock  and  racrchandUe.  and  payments  from  Freezing  Companies  (or  stock 
notified  to  them. 


Signature^ 
A  idrcss- 


DaU. 


Consign  all  Wool  to  WRIGHT,  STEPHENSON  &  CO.  LTD.  Wellington,  but  no  Wool  should  be  consigned  imtil 
this  Form  has  been  filled  up  and  returned  to  WRIGHT,  STEPHENSON  &  CO.  LTD. 

Advances  may  be  obtained  at  any  time  against  growing  clips. 

All  BaJes  must  be  branded  on  BOTH  ENDS  with  at  least  three  stout  stencil  letters,  each 
not  less  than  three  inches  high.     Tar  or  oil  paint  must  not  be  used 

The  railways  charge  extra  on  all  balci  over  4  cwt.  ;  extra  wharl  charges  are  also  incurred  on  all  bales  over  4icwt. 

Please  Return  this  Form  Promptly. 
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KENT    WOOL    GROWERS,    LmiTED. 


Dear  Sirs, 

1   beg    to    inform    you    that    I    wish  to    sell     my    Wool     this    year    on    the 

Co-operative  system  tlirough  the  Society. 

I   expect  to    have  total    of    ahout  .-fleeces,  as  follows:  — 

KENT  - - 

MALE-RREED - 

LAMRS 


My  Wool  will  be  rn««hed     (Please  strike  out  Word  not  required.) 

Dates  when  1  am  likely  to  deliver  my  growth    _ _, 

Railway  Station  or  Carrier  empty  sheets  to  be  consigned  to - 

Please  supply  me  with  the  necessary  sheets  as  soon  as  possible. 

Jlddresi 


T>ate 


To  Kent  Wool  Growers,  Ltd., 
Dover  Place, 

AsHFORD,  Kent. 


N.B.— it  is  necessary  to  notify  the  Manager  2  or  3  days  before  sending  yonr  Wool 
As  expenses  are  largely  increased  by  the  congested  arrival  of  Wool  without  previous  notice,  it  would  be 

of  great  assistance  if  prodncen  could  gife  2  or  3  alternative  days  in  which  they  could  deliver  their  wool. 
Members  are  requested  to  note  that  no  sheets  can  be  issued  on  Tuesdays  unless  application  is  received  by 

first  post  on  that  day. 
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SPECIFICATION 


WRIGBT,  SnPHENSON  4  CO,  LTD. 
W«l  nl  Prain  Bnkn. 

WGOINGTai 


/  kg  to 


whae     having     iha     Jay     foraardeJ    from 
Jiailaas  Station,  eamigneJ  la  sw 


at  WtUinglon.  the  anitmrntiontJ.  a»  ptt  Sptcification  atlathcJ. 
My  BranJ  it- 


.Jmp  W»A 


'Please  JitpoK  of  o&oce  to 
procecJi  ami  jtcamM  Sola  i 


Vori  Ofict. 


Yarn  Imh. 
SlfnaUm 


IMPORTANT 
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tWrtglrt.  5Jtfph«n5on  &  do.  Jttb. 

GRAIN    SEED  AND  GtNERAL   MERCHANTS 
STOCK   »HD   STATION   AGENTS 


/yS 


Dear  Sir, 

We  beg  to  advise  having  received  into  store  this  day  on  your  account . — 

Bales  of  Wool  Branded . 

Weight  Slips  for  same  attached. 

Valuations  (or  main  lots  will  be  posted  to  you  in  due  course  and  on  receipt  o{  same  we 
shall  be  glad  to  receive  your  prompt  instructions  as  to  disposal. 

Growers'  attention  is  drawn   to   the   following   rules   fixed   by   the   N.Z.   Wool   Brokers' 

Association. 

WOOL  OFFERINGS. 

Wool  is  received  for  sale  subject  to  all  lawful  regulations  and  conditions  ^veming  the 
trade.  The  company  is  not  liable  for  loss  arising  dircctl\-  or  indirectly  (owing  to  restrictions  of 
lots  and  catalogues)  from  the  wool  not  being  put  up  (or  sale  at  the  first  or  any  subsequent  sale 

INSURANCE  WHILE  IN  STOBB. 

Insurance  included  in  Brokers'  Consolidated  Warehousing  Charge  is  ordinary  fire  insiirance 
only  and  does  not  include  damage  resulting  from  carthqnake  shock,  nor  fire  as  a  result  <rf  earth- 
quake shock,  riot,  civil  commotion,  hostihties,  military  or  usurped  power.  Brokeia  are  prepared 
to  take  out  cover  against  any  or  all  the  excluded  risk's  at  owner's  expense,  on  receiving  instruc- 
tions to  do  so 

We  have  to  thank  you,  for  the  above  consignment  which  will  receive  our  best  atteniion. 

Yours  faithftMy, 

WRIGHT.  STEPHENSON  ft  CO..  LTD. 

per. 
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WRIGHT,  STEPHENSON  &  CO..  LTD. 

WELLINGTON 


'ParUculars  of  Wool  recei)>ed  on  account  of— 


-BALES 


BRAND. 


This  wool  ha$  been  catalogued  or  dealt  with  as  follows,  binned  wools  being  catalogued  under  our  "  Challenge  "  brand. 
Owii^  to  number  of  vendors  interested  in  each  lot,  reserves  cannot  be  accepted  on  binrted  wools  and  interlolled  wooL,  but 
growers  can  rest  assured  that  each  lot  will  be  protected  up  to  full  market  value. 


Main  Lott  and  Intcrlola 


Nett  Weight       j|        Lot  No. 


\-- 


NOTE: — The  usual  trade  allowance  to  buyers  of  lib.  per  cwt    draft  has  not   been  deducted 
from  these  weights. 


Nett  Weight.. 


Main  Lots 

Interlots. 

Binned   Lots_ 


-Bales  received  into  Store. 
lbs. 


Jbs. 


T„   c»  .,^  /held  over 
^"   Store     g^j^  ^^. 


-lbs 
.lbs.. 


Jbs. 


Wool  held  over  will  be  offered  first  opportunity,  unless  we  are  otherwise  instructed. 

WRIOHT.  STEPHENSON  &  CO..  LTD. 

Wellington, 192  Per 


NOTE  —Priced  catalogue  of  our  "CHALLENGE"  brand  will  be  posted  after  the  sale. 
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JHKrigljt,  SiU^lftnsan  $c  Co.,  lta„ 


WOOLBROKERS. 


Dear  Sir. 

W»  give  belov)%our  valvaiion  0/  your  wool  vihieh  tcill  be  offered  at  our  i 
Please  note  that  unless  we  recetw  other  instructions  on  or  before 


-oe  aill  vnderstamd 


that  you  leave  the  disposal  0/  your  veol  in  our  hands  and  that  tee  are  to  realize  to  best  advarUage. 

Whenever  possible,  one  and  two  bales  lots  and  suitable  small  lots  will  be  interlotted  with  oiKer  wools  of  nmiiiir 
quality. 

When  thts  is  done  it  is  impossible  for  any  individual  vendor  to  <uc  a  reserve  on  such  lots,  but  elientt  may  take  it 
thai  their  wool  will  not  be  sold  under  full  market  value. 

Yours  faithfully, 

WRIGHT.  STEPEBNSON  d  CO..  LTD 


C.«.W.  Ui.     1 1001 
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SALE   ADVICE. 


Dear  S$r, 


19J^ 


We   beg   to  report   as   under  regarding     Wool    offered    for    sale    this    day  on  your 

Yours  faithfully, 

WRIGHT.  Stephenson  &  Co..  Ltd. 


lot  Qiuntit; 
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Jaoofflb.  Hoare  &  Co.  No.  4  30/11/27 


'rare  as  printed.-  Draft  1  lb.  i>er  cwt.,  and  no  other  alhmaiue 
\\ltiit«>vtr.  At  jior  lb.  to  advance  Jd.  until  the  price  of  lod.  is 
reuched,  and  after  15d.  to  advance  ^<l. 


At  No.  7  Warehouse,  London  Docks 

KKNT  WOOL  GROWKIIS.  LIMITED. 

(When  rt^prewented  by  aaniple  balr  s,  five  or  more  of  thetie 
will  be  deiivtred  wilh  each  h)t) 

(Balance  to  be  delivered  Ashford) 

Lot  Mark    Tare  lbs.  B^les     d. 

Washed  Southdown  Euen  1001  KWCJ  V  I        •">         ^« 

2719,  Tegs  (Specially  ChiMaed)        &  1  bag 


„     Down         Tegs  1002 


7         '>         25 


Pick  i-bred  .,  1003  5         24^ 

176.  Ewea 


1004  10         24 

(Represented  by  5  bales) 


,     Super     „ 

1005 

14 

24 

( 

„  5     . 

.     ) 

„    rick  Kent    „ 

1006 

7 

23 

( 

»  5     „ 

,     ) 
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INTRODUCTION 

The  Washington  Navel  orange  (Citrus  sinensis  (L.)  Osbeck)  is  one 
of  the  most  important  fruit  varieties  grown  in  the  United  States. 
Its  commercial  culture  is  largely  confined  to  California,  and  the  f .  o.  b. 
value  of  the  crop  shipped  from  that  State  in  1927  was  approximately 
$40,000,000. 

The  importance  of  the  Washington  Navel  orange  industry  is  shown 
not  only  by  the  annual  crop  returns  but  also  by  several  valuable 
contributions  to  horticultural  practices  which  have  been  made  as  a 
result  of  scientific  studies  and  commercial  experience  in  connection 
with  its  development.  Among  these  are  improved  orchard-heating 
devices,  careful  fruit-handling  methods  and  special  packing-house 
equipment,  growers'  cooperative-marketing  organizations,  systems 
for  keeping  and  using  individual  tree-performance  records  for  bud 
selection  and  crop  improvement,  and  the  demonstration  of  the 
economic  importance  of  adopting  and  maintaining  the  fewest  possible 
varieties  in  commercial  fruit  culture. 

The  Washington  Navel  orange  was  introduced  into  the  United 
States  from  Bahia,  Brazil,  by  the  United  States  Department  of  Agri- 
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culture  m  1870  (32)}  Twelve  young  trees  were  received  at  Wash- 
ington by  William  Saunders,  superintendent  of  gardens  and  grounds, 
and  buds  from  them  were  propagated  on  sweet-orange  seedlings 
grown  for  this  purpose  in  one  of  the  department  greenhouses.  These 
greenhouse-grown  trees  were  distributed  to  various  citrus  districts  of 
the  United  States,  two  of  them  being  sent  to  Mrs.  Ehza  Tibbets,  at 
Riverside,  Calif.,  in  1873  (6,  33).  When  the  Tibbets  trees  came  into 
fruiting  in  the  late  seventies  the  valuable  commercial  characteristics 
of  the  fruit,  including  their  quality,  shape,  size,  color,  texture,  and 
seedlessness,  were  soon  recognized  by  the  citrus  growers  of  this  pioneer 
community.  Local  nurserymen  obtained  bud  wood  from  these  trees 
for  propagation,  and  the  resulting  nursery  trees  were  planted  at 
Riverside  and  in  near-by  citrus  districts. 

The  commercial  success  of  these  early  orchards  soon  led  to  a  wide- 
spread interest  in  this  variety,  so  that  it  eventually  became  the  most 
extensively  grown  citrus  fruit  in  California,  as  shown  in  Table  1. 


Table  1. — Acreages  of  Washington  Navel  and  Valencia  oranges  in  the  five  leading 
citrus-producing  counties  of  California,  1923-1927 

[Data  from  the  annual  numbers  of  the  California  Crop  Report.    In  1927  the  seven  next  highest  counties  re- 
ported approximately  10,000  acres  of  the  Washington  Navel  and  8,500  acres  of  the  Valencia  orange] 


Year 

Acreage 

Washing- 
ton Navel 

Valencia 

1923 

96,  355 
95,295 
90, 367 
86,  817 
85,  973 

87,407 
87,666 

1924              

1925 

84, 010 

1926 

92,  882 
95,892 

1927              

The  commercial  shipments  of  this  variety  from  Cahfornia  for  as  long 
a  period  as  data  are  available  are  shown  in  Table  2,  in  comparison 
with  the  production  of  the  Valencia  orange,  which  is  the  other  leading 
variety  grown  in  that  State. 

Table  2. — Total   shipments   of   Washington    Navel   and    Valencia   oranges   from 
California,  1916-17  to  1926-27 


[Data  from  Charles  B. 

White,  California  Fruit-Growers'  Exchange,  compiled  from  monthly  reports  of 
the  railroads] 

Season,  November  to 
October 

Total  shipments  (boxes) 

Season,  November  to 
October 

Total  shipments  (boxes) 

Washington 
Navel 

Valencia 

Washington 
Navel 

Valencia 

1916-17" 

13, 268, 128 
2, 468, 022 
8,  590,  572 
7,  544, 041 

10,893,635 
6,  596, 462 
9,918,766 

5,305,178 
4,234,211 
7,  235, 069 
7,  301,  736 
9,437,859 
5,111,892 
8, 897,  730 

1923-24 

12,032,036 
9,271,549 
10, 126,  506 
11,781,539 

8,  923. 601 

1917-18 

1924^25  6 

6,  306, 943 

1918-19 

1926-26 

11,212,419 

1919-20 

1926-27. 

12, 139,  682 

1020-21 

Total. 

1921-22* 

102, 491,  256 

86,  106,  320 

1922-23        .      - 

•  An  extremely  hot  period  in  June,  1917,  greatly  reduced  the  Valencia  crop  that  year  and  also  the  crops 
of  both  varieties  for  the  following  season. 

*  Both  the  Washington  Navel  and  Valencia  crops  were  affected  by  frost  injury  this  season,  and  wind 
damage  further  reduced  the  Valencia  crop  in  some  districts  in  the  season  of  1924-25. 

I  Reference  is  made  by  italic  numbers  in  parentheses  to  "Literature  cited,"  p.  70. 
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The  young  navel-orange  trees  were  distributed  from  Washington 
under  the  name  Bahia  (32),  but  when  the  Tibbets  trees  and  others 
propagated  from  them  came  into  bearing  the  name  Riverside  Navel 
was  used  to  designate  the  variety.  Later  the  growers  decided  to  call 
the  variety  the  Washington  Navel  in  recognition  of  its  introduction 
by  the  Department  of  Agriculture  at  Washington. 

The  executor  of  the  estate  which  later  controlled  the  Tibbets  home- 
stead disposed  of  the  two  California  parent  Washington  Navel  trees. 
One  of  them  was  given  to  the  city  of  Riverside  and  was  moved  in 
the  spring  of  1902  to  the  head  of  Old  Magnolia  Avenue,  where  it 
still  stands  in  an  attractively  planted  setting,  as  showm  in  Figure  1. 
The  other  parent  tree  was  given  to  Frank  A.  Miller,  master  of  the 


Figure  L— One  of  the  two  trees  of  the  Wtusiiington  Navel  orange  that  were  sent  to  Mrs.  EHza  Tib- 
bets, at  Riverside,  Calif.,  from  the  United  States  Department  of  Agriculture  at  Washington, 
D.  C.,  in  1873.  The  navel-orange  industry  of  California  has  been  developed  from  this  tree  and  its 
companion  which  died  in  1921.    Photographed  in  January,  1928 

Glenwood  Mission  Inn  at  Riverside,  and  was  planted  in  the  court- 
yard of  that  hotel  May  8,  1903,  by  President  Roosevelt.  It  died  in 
1921  and  was  replaced  March  20,  1923,  by  an  11-year-old  tree  which 
had  been  propagated  from  the  old  one. 

BUD  VARIATION  IN  THE  WASHINGTON  NAVEL  ORANGE 

The  inception  of  these  bud-selection  studies  resulted  from  a  visit 
by  the  senior  writer  to  the  packing  house  of  C.  E.  Rumsey,  at  River- 
side, in  April,  1909,  when  several  strongly  ribbed  Washington^  Navel 
oranges  were  observed  in  the  cull  bin.  No  explanation  could  be 
obtained  for  their  occurrence  or  their  source,  but  a  walk  into  the 
orchard  from  which  the  fruit  had  come  disclosed  a  Hmb  on  one  of 
the  first  trees  examined  which  bore  the  same  type  of  abnormal  fruits. 
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Following  this  discovery  a  systematic  search  for  hmb  variations  in 
trees  of  this  variety  was  begun  in  extensive  orchards  belonging  to 
the  National  Orange  Co.,  and  L.  V.  W.  Brown,  of  Riverside;  W.  H. 
Jameson  and  R.  B.  Hampton,  of  Corona;  J.  S.  Edwards,  of  East 
Highlands;  and  in  other  very  successful  commercial  plantings. 
During  this  study  more  than  100  striking  limb  variations  were  found, 
as  well  as  many  individual  fruit  variations,  and  a  still  greater  number 
of  entire  trees  bearing  fruits  and  foliage  typical  of  that  borne  by 
various  ones  of  the  limb  variations. 

A  statement  of  the  early  phases  of  this  investigation  was  made  in 
Bureau  of  Plant  Industry  Circular  77  (7),  and  further  reports  of  the 
progress  of  the  work  have  been  presented  from  time  to  time  (1-4, 
6-14)'  The  6-year  performance  records  and  observations  of  the  trees 
of  the  Washington  Navel  orange  which  were  given  detailed  systematic 
study  were  presented  in  United  States  Department  of  Agriculture 
BuUetin  623  (27). 

Propagations  of  striking  limb  variations  in  the  trees  under  investi- 
gation were  made  in  1915  and  during  subsequent  years.  The  per- 
formance records  of  these  progenies,  together  with  a  description  of 
the  results  of  these  tests,  particularly  with  respect  to  their  bearing 
on  the  phenomenon  of  bud  variation  ^  and  the  importance  of  bud 
selection  in  the  Washington  Navel  orange  variety,  are  presented  in 
this  bulletin.  Progress  reports  giving  partial  performance  records  of 
some  of  these  progenies  have  previously  been  made  (15,  16,  18-24, 
26).  Similar  investigations  are  being  carried  on  with  the  other  lead- 
ing citrus  varieties  gr(5wn  in  California,  and  some  of  the  results  of 
these  studies  have  already  been  published  (25,  28-31). 

The  bud  variations  described  in  this  bulletin  can  be  classified  from 
the  economic  standpoint  as  desirable  when  superior  to  the  normal  ^ 
and  as  undesirable  when  inferior  to  the  parent  forms  for  commercial 
use.  In  these  investigations  fewer  desirable  than  undesirable  bud 
variations  have  been  discovered.  One  reason  for  this  condition  may 
be  the  fact  that  undesirable  variations  are  more  easily  recognized 
than  the  desirable  ones  on  account  of  their  more  distinctive  and 
readily  observed  characteristics.  Another  explanation  is  that  most 
of  the  effort  used  in  looking  for  bud  variations  in  these  studies  has 
been  devoted  to  finding  those  that  are  decidedly  undesirable,  so  that 
they  might  be  eliminated  from  the  present  and  future  orchards. 

A  further  classification  of  the  bud  variations  found  in  these  studies 
would  include  those  that  have  been  inherently  stable  when  propa- 
gated and  those  that  have  proved  to  be  inherently  unstable  in  prog- 
eny propagations.  The  degree  of  inherent  stability  of  the  progenies 
has  been  found  to  be  about  the  same  as  the  condition  of  uniformity 
in  the  characteristics  of  the  parent  bud  variations.  If  the  fruit  or 
foliage  of  these  limb  or  tree  variations  was  uniform  their  progenies 
have  been  found  to  be  uniform;  on  the  other  hand,  if  there  was 
marked  variability  of  the  fruit  or  leaves  in  the  parent  limb  variations 
the  progenies  have  usually  been  relatively  variable. 

The  bud  variations  under  investigation  have  been  identified  largely 
by   their   fruit   characters.     The   observed   variations   include    both 

2  the  term  "bud  variation"  as  here  used  may  be  defined  as  a  somatic  variation  of  fruit  or  foliage  which 
differs  in  one  or  more  clearly  recognizable  characteristics  from  the  normal  and  which  is  capable  of  perpetu- 
ation through  bud  propagation. 

3  The  term  "  normal "  is  used  here  and  elsewhere  in  this  bulletin  in  the  sense  of "  liaving  the  characteristics 
of  the  parent  Washington  or  Thomson  strains." 
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quantity  and  quality  differences,  and  the  following  quality  character- 
istics have  been  given  primary  consideration:  Size  and  shape  of 
fruits,  color,  texture  and  thickness  of  peel,  number  and  arrangement 
of  the  pulp  sections,  size  and  arrangement  of  the  navel,  amount  of 
rag,  quality  and  composition  of  the  juice,  and  the  development  of 
natural  blemishes. 

Certain  vegetative  characters  of  the  individual  trees  have  also  been 
studied  which  for  the  most  part  have  been  found  to  be  correlated  to 
a  greater  or  less  degree  with  observable  fruit  variations.  The  rate 
of  tree  growth  and  the  natural  arrangement  of  the  branches  have 
been  found  to  be  rather  definitely  related  to  certain  fruit  character- 
istics in  some  cases.  The  characteristic  shape,  size,  color,  and 
quantity  of  leaves  have  also  helped  in  the  finding  of  bud  variations 
both  in  the  case  of  limb  sports  and  in  entire-tree  variations. 

Washington  Navel  orange  trees  are  grown  from  buds  inserted  in 
seedling  orange  root  stocks.  These  root  stocks  if  not  budded  produce 
tops  bearing  seedy  oranges  of  types  depending  upon  the  kind  of  root 
stock  used.  Therefore,  the  occurrence  of  off-type  Washington  Navel 
trees  in  established  orchards  can  not  be  explained,  as  has  been 
attempted  in  other  fruits,  as  due  to  the  growth  of  buds  from  the 
stock.  Furthermore,  the  similarity  of  the  fruit  and  fohage  produced 
by  the  entire  tree  variations  to'  those  of  some  of  the  limb  sports  early 
led  to  the  conclusion  that  the  off-type  trees  were  the  result  of  the 
unintentional  propagation  of  similar  limb  variations. 

Certain  conditions  of  the  fruit  and  fohage  of  Washington  Navel 
orange  trees  probably  result  from  environmental  influences.  The 
local  chmatic,  soil,  and  cultural  conditions  affect  the  quantity  and 
commercial  quahty  of  the  crop,  but  such  variations  are  not  inherent 
ones  and  are  not  transmitted  through  budding.  In  this  bulletin  only 
those  heritable  variations  which  have  been  proved  to  be  perpetuated 
through  bud  propagation  are  described,  together  with  an  account 
of  their  relation  to  commercial  fruit  production. 

FREQUENCY  AND  SIGNIFICANCE  OF  BUD  VARIATIONS 

The  term  "undesirable"  is  here  used  to  mean  variations  that  bear 
fruits  having  one  or  more  characteristics  that  are  less  desirable  than 
the  normal  for  the  variety. 

Individual- tree  estimate  studies  in  more  than  100  representative 
Washington  Navel  orange  orchards  during  the  period  1909  to  1915 
showed  that  an  average  of  about  25  per  cent  of  the  trees  in  these 
groves  consisted  of  individuals  of  very  abnormal  and  inferior  strains.'' 
Among  the  undesirable  variations  that  have  been  found  are  those  that 
are  consistently  fight  in  production  and  those  that  bear  oranges 
rnaturing  out  of  the  normal  season,  particularly  where  the  oranges 
ripen  about  two  or  three  months  later  than  the  normal.  Other 
undesirable  characteristics  that  have  been  studied  include  fruits  of 
abnormally  large  or  smafi  size,  irregular  shape,  coarse  and  unsightly 
texture  of  the  rinds,  unusually  thick  peel,  an  excessive  proportion  of 
rag,  and  a  small  quantity  or  poor  quality  of  juice. 

The  tree-estimate  studies  showed  that  the  proportion  of  trees 
of  inferior  strains  was  larger  in  the  younger  orchards  than  in  the  older 

*  The  term  "strain"  as  here  used  designates  a  group  of  individuals  of  a  horticultural  variety  differing  from 
all  other  individuals  of  the  variety  in  one  or  more  constant  and  recognizable  characteristics  and  capable  of 
perpetuation  through  bud  propagation. 
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groves.  This  condition  was  responsible  for  a  rather  general  belief 
that  the  Washington  Navel  orange  variety  was  running  out  and  be- 
coming unproductive  and  unprofitable,  with  the  result  that  for  a  con- 
siderable period  there  was  little  further  planting  of  this  variety. 

An  illustration  of  the  manner  in  which  the  proportion  of  trees  of 
undesirable  strains  was  being  rapidly  increased  in  young  orchards  is 
shown  by  studies  in  an  old  orchard  and  those  made  later  in  a  young 
grove  the  trees  of  which  had  been  unintentionally  propagated  from 
some  of  the  undesirable  variations  in  the  older  orchard. 

The  studies  in  the  older  orchard,  which  was  considered  to  be  the 
most  uniformly  productive  one  of  that  district,  showed  that  3.5  per  cent 
of  the  trees  were  of  a  particularly  undesirable  strain.  While  these 
records  were  being  obtained  two  men  were  observed  cutting  bud 
wood  for  commercial-nursery  propagation  from  some  of  the  very  in- 
ferior trees.  As  was  the  common  practice  then,  no  attention  was 
being  given  to  the  fruiting  condition  of  the  trees,  and  buds  were  being 
obtained  from  these  particular  trees  because  they  contained  an 
abnormally  large  proportion  of  the  vigorous-growing  vegetative  type 
of  wood  which  was  then  considered  the  most  desirable  for  nursery  use. 

Several  years  later  a  study  was  made  of  a  young  orchard  where  it 
was  found  that  approximately  90  per  cent  of  the  trees  were  of  the 
same  rank-growing,  unproductive,  and  inferior  fruiting  character  as 
those  which  had  been  observed  previously  in  the  older  orchard.  An 
investigation  of  the  history  of  these  trees  showed  that  without 
question  they  had  been  grown  from  some  of  the  buds  that  were  being 
cut  from  the  undesirable  trees  in  the  older  orchard  at  the  time  the 
tree-estimate  studies  were  made. 

The  undesirable  trees  in  the  younger  orchard  were  subsequently 
top-worked  and  brought  into  normal  production.  However,  the  lack 
of  crops  for  several  years  and  the  expense  of  the  top-working  resulted 
in  a  large  loss  to  the  owner.  This  occurrence  indicates  the  way  in 
which  inferior  trees  were  increasing  in  the  younger  orchards  through 
unintentional  propagation  from  undesirable  parent  trees  in  the 
commercial-nursery  practice  and  shows  the  significance  of  these 
variations  to  commercial  fruit  culture. 

Bud  variations  in  the  Washington  Navel  orange  are  also  important 
on  account  of  the  occurrence  of  desirable  variations  of  commercial 
value.  Several  striking  and  apparently  valuable  variations  are  being 
grown  in  progeny-performance  record  plots,  and  some  of  the  most 
promising  ones  have  been  selected  and  propagated  for  commercial 
tests  of  their  value. 

In  studying  the  progenies  of  selected  parent  trees  of  the  best  strain 
of  the  Washington  Navel  orange  it  has  been  found  that  some  progenies 
are  uniformly  more  desirable  than  others.  This  characteristic  has 
now  been  perpetuated  through  two  bud  propagations,  and  it  seems 
apparent  that  in  these  progenies  the  uniformity  of  the  growth  of  the 
trees  and  the  size,  shape,  color,  and  other  characteristics  of  the  fruits 
are  above  the  average  for  the  original  strain.  The  indications  are 
that  these  superior  progenies  have  originated  from  desirable  bud 
variations,  and  they  illustrate  the  importance  of  bud  variation  in  the 
improvement  of  the  variety  and  to  the  Washington  Navel  orange 
industry  as  a  whole. 
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PROGENY  TESTS  OF  LIMB  VARIATIONS 

In  order  to  determine  whether  or  not  the  characteristics  of  the 
striking  hmb  variations  could  be  perpetuated  through  budding,  some 
of  the  early  discovered  ones  were  top-worked  on  normal  Washington 
Navel  orange  trees  in  bearing.  These  tests  proved  conclusively  that 
without  exception  all  of  the  limb  variations  that  were  propagated  did 
perpetuate  their  leaf  and  fruit  characteristics. 

These  top-working  tests  led  to  the  propagation  of  a  larger  number 
of  limb  sports  by  budding  on  sour-orange  seedling  root  stocks,  as  is 
now  commonly  done  in  commercial  citrus-nursery  practice.  One 
purpose  of  these  experiments  was  to  determine  the  behavior  of  the 
limb  sports  under  ordinary  nursery  propagation,  and  another  object 
was  to  compare  the  relative  tree  growth  and  the  quantity  and  quality 
of  the  crops  produced  by  the  progenies  of  hmb  variations  w^ith  that  of 
progenies  of  normal  limbs  from  the  same  parent  trees.  The  hmb- 
sport  propagations  in  every  instance  were  from  unquestioned  varia- 
tions in  parent  trees  which  had  been  grown  from  a  single  bud  on 
sweet-orange  seedling  rootstocks  and  where  the  history  of  the  propa- 
gation, planting,  and  care  of  the  orchards  were  fully  known.  All 
these  variations  showed  foliage  or  fruit  characteristics  closely  resem- 
bling those  of  certain  off-type  trees  in  estabhshed  orchards.  These 
progeny  tests  have  made  it  possible  to  study  the  relation  of  the 
occurrence  of  limb  variations  to  the  presence  of  trees  of  abnormal 
strains  in  bearing  orchards  and  to  obtain  evidence  regarding  the 
importance  of  the  bud  variations  in  relation  to  the  maintenance  of 
the  variety,  its  improvement  through  the  isolation  of  superior  strains, 
and  the  possibilities  for  a  more  economic  production  of  the  Washing- 
ton Navel  orange  for  the  welfare  of  this  industry. 

This  first  general  propagation  of  a  number  of  limb  and  tree  varia- 
tions, typical  of  the  most  important  strains  of  the  Washington  Navel 
variety  that  had  been  studied  up  to  that  time,  was  made  in  the  spring 
of  1915.  Buds  from  these  variations  were  inserted  in  sour-orange 
rootstocks  in  a  commercial  nursery  in  cooperation  with  the  Citrus 
Experiment  Station  of  the  University  of  California,  and  the  resulting 
progeny  trees  have  been  grown  on  the  station  grounds  at  Riverside. 

The  progeny  trees  were  transplanted  from  the  nursery  in  July,  1917. 
They  were  set  10  feet  apart  in  rows  spaced  24  feet  apart,  the  close 
planting  in  the  rows  making  possible  the  testing  of  twice  as  many 
progenies  as  would  have  been  the  case  had  the  ordinary  spacing  been 
practiced.  The  planting  is  arranged  so  that  when  the  trees  reach 
such  a  size  as  to  interfere  with  cultural  practices  every  alternate 
tree  may  be  removed,  thus  leaving  what  is  considered  to  be  a  normal 
spacing  for  this  variety  in  this  district. 

This  orchard  was  planted  on  virgin  land  where  nothing  but  winter- 
grain  crops  without  irrigation  or  fertilization  had  been  previously 
grown.  The  trees  have  been  given  ordinary  cultivation,  irrigation, 
and  other  cultural  care.  Winter  cover  crops  have  been  grown  and 
plowed  under  each  year  for  the  purpose  of  soil  improvement.  Sum- 
mer cover  crops  have  been  grown  occasionally,  but  have  not  been 
particularly  successful.  Very  little  fertilizer  of  any  kind  has  been 
applied  up  to  the  present  time,  although  it  is  believed  that  the  use 
of  additional  fertilizer  is  now  necessary  in  order  to  provide  favorable 
soil  conditions  for  future  tree  growth  and  crop  production.     The 
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trees  have  made  a  normal  growth  thus  far  and  have  not  suffered  serious 
frost  damage  at  any  time,  orchard  heaters  being  used  at  critical 
periods  for  frost  protection.  Little  or  no  injuries  from  scale  or  other 
insect  pests  of  the  citrus  tree  or  from  citrus-tree  diseases  have  occurred, 
and  the  trees  may  be  considered  to  have  made  a  somewhat  better 
development  than  is  usually  the  case  in  this  region. 

The  progeny  planting  has  served  two  purposes:  (1)  To  prove  the 
transmissibility  of  certain  bud  variations  of  tree  and  fruit  characters 
and  (2)  to  provide  for  citrus  growers  and  other  persons  interested 
a  demonstration  of  the  importance  of  the  work  for  the  improvement 
of  the  Washington  Navel  orange  through  bud  selection.  Each  year 
since  these  progeny  trees  came  into  fruiting  the  planting  has  been 
visited  by  many  citrus  growers,  scientists,  and  others,  not  only  from 
California  and  other  near-by  sections  but  also  from  several  foreign 
countries.  In  this  way  the  progeny  orchard  has  become  of  wide 
interest  and  value  in  furnishing  living  evidence  of  the  fact  of  bud 
variation  and  the  importance  of  studies  in  bud  selection  in  vegeta- 
tively  propagated  crops. 

PROGENY  PERFORMANCE  RECORDS 

The  performance  records  of  the  progeny  trees  propagated  from  the 
various  hmb  variations  of  the  Washington  Navel  orange  have  been 
obtained  by  counting  the  fruits  borne  by  each  tree.  The  oranges 
have  also  been  classified  according  to  strain  characteristics,  and  for 
the  last  five  years  the  weight  of  the  fruits  has  also  been  obtained. 

The  number  of  trees  in  each  progeny  was  limited  by  lack  of  orchard 
space.  When  possible  and  desirable,  progeny  trees  propagated  from 
a  normal  limb  of  the  same  parent  tree  have  been  included  with  those 
propagated  from  the  limb  variation,  so  as  to  make  possible  a  closer  com- 
parison of  the  performance  records  of  the  normal  with  the  variation 
progeny  trees.  A  larger  number  of  progeny  trees  would  have  been 
desirable  in  some  instances,  but  the  writers  are  of  the  opinion  that 
enough  trees  have  been  studied  so  that  from  the  data  available  for 
consideration  reliable  and  sound  conclusions  can  be  drawn.  The 
sets  of  progenies  of  the  various  strains  will  be  considered  separately, 
in  order  to  show  clearly  the  results  of  these  propagation  tests.  All 
of  the  most  important  strains  that  have  been  observed  are  included 
in  these  descriptions. 

The  Thomson,  Golden  Buckeye,  and  Golden  Nugget  strains  have 
been  commercially  propagated  to  a  limited  extent  by  nurserymen  and 
growers  and  have  been  considered  as  distinct  varieties.  These  terms 
are  used  in  this  bulletin  as  strain  designations  and  not  as  varietal 
names. 

WASHINGTON  STRAIN 

The  term  "Washington"  is  here  used  to  indicate  that  strain  of  the 
Washington  Navel  orange  which  has  been  found  to  be  the  most 
valuable  one  for  commercial  culture  in  CaUfornia.  It  is  the  strain 
which  was  first  introduced  to  this  country  and  upon  which  the  repu- 
tation of  the  variety  is  founded.  The  trees  of  this  strain,  illustrated 
in  Figure  2,  are  productive  and  tend  to  bear  regular  and  successive 
crops  of  fruit.  They  have  an  open  and  somewhat  drooping  habit  of 
growth  and  dense  foliage  with  large,  oval,  dark-green  leaves.  They 
produce  few  suckers,  in  contrast  with  the  large  proportion  of  the 
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vigorous  nonfruiting  vegetative  growth  produced  by  the  trees  of  the 
Austrahan  and  some  other  strains.  Variations  of  fruits  and  fohage 
are  less  commonly  found  in  trees  of  this  strain  than  in  those  of  most 
other  strains  of  this  variety.  Under  normal  conditions  no  pollen  is 
produced  by  the  anthers  of  the  flowers  of  the  Washington  strain. 

The  fruits,  illustrated  in  Figure  3,  are  obovoid  in  shape  and  generally 
of  medium  to  large  size.  The  rind  is  of  medium  thickness,  and  the 
texture  is  smooth  and  grained.  The  color  of  the  fruit  is  bright  orange; 
the  rag  is  tender  and  comparatively  small  in  quantity;  the  juice  is 
abundant  and  of  superior  quality,  having  a  pleasing  and  sprightly 
subacid  flavor.  The  fruits  are  seedless,  and  the  navel  usually  is  smaU, 
sometimes  rudimentary,  with  no  development  except  in  the  rind. 


FiGUKE  2.— A  typical  tree  of  the  Washington  strain  of  the  Washington  Navel  orange  variety, 
I  Corona,  Calif.    Planted  in  1903;  photographed  in  January,  1927 

The  Washington  is  the  most  important  of  aU  the  Washington  Navel 
orange  strains  on  account  of  the  high  productiveness  of  the  trees  and 
the  superior  commercial  quahty  of  the  fruit,  which  is  not  equaled  by 
that  of  any  other  strain  grown  in  Cahfornia. 

Limbs  of  the  Washington  strain  sometimes  occur  as  reverting 
variations  in  trees  of  other  strains  of  the  Washington  Navel  orange. 
The  performance  records  of  three  trees  of  the  Washington  strain 
which  were  propagated  from  two  limb  variations  in  Thomson  strain 
trees,  compared  with  the  records  of  three  trees  which  were  propagated 
from  normal  Thomson  branches  of  the  same  parent  trees,  are  shown 
in  Table  3.  Each  of  these  trees  has  produced  only  fruits  typical  of  the 
strain  that  was  propagated. 
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Table  3. — Records  of  annual  production  of  progeny  trees  propagated  from  limb 
variations  of  the  Washington  strain  occurring  in  trees  of  the  Thomson  strain  of  the 
Washington  Navel  orange  compared  with  records  of  trees  propagated  from  the 
Thomson  portions  of  the  same  parent  trees 

[All  these  progeny  trees  were  planted  in  July,  1917] 


Source  of  buds 

Fruits  produced  by  progeny  trees 

Progeny 
tree 

No. 

1 

_  6 

(2 

Limb 

Character 

Number 

I 

7 

i 

§? 

7 

1 

i 

1 

7 
1 

1 

7-31 

16 
22 

]n 

fWashington   limb    varia- 
\    tion  in  Thomson  tree. 
Normal     part     of    same 

Thomson  tree. 
Washington   limb    varia- , 
tion  in  Thomson  tree. 
/Normal     part     of    same 
\    Thomson  tree. 

[Washington- 
Thomson 

Washington. 
JThomson... 

ri5 

125 
18 

9 

{1 

95 
140 
76 

70 

167 
103 

98 
104 
73 

94 

127 
103 

277 
253 
247 

428 

296 
269 

179 

249 

278 
235 

224 

352 
201 

539 
552 
338 

327 

545 
466 

252 
192 
201 

145 

235 
200 

1,704 

7-32 

7-35 

7-43 

7-45 

7-46 

243 
215 

331 

281 

298 

1,787 
1,403 

1,628 

2,025 
1,6^17 

Figure  3.— Fruits  of  the  Washington  strain  of  the  Washington  Navel  orange,  Riverside,  Calif., 

January,  1912 

These  performance  records  show  a  total  production  of  5,119  oraiiges 
for  the  three  progeny  trees  of  the  Washington  strain,  whereas  the  three 
trees  of  the  Thomson  strain  produced  5,075  fruits.  The  difference  in 
productivity  of  trees  of  these  strains  is  usually  greater  than  is  indicated 
by  the  comparative  yields  of  these  few  trees,  and  such  differences  are 
in  accord  with  the  yields  in  commercial  orchards  under  comparable 
conditions,  where,  as  a  rule,  the  trees  of  the  Washington  strain  are 
somewhat  more  productive  than  those  of  the  Thomson  strain.  The 
fruits  of  the  Washington  strain  are  of  better  quality  and  have  a  higher 
commercial  value  in  most  markets  than  the  fruits  of  the  Thomson 
strain,  and  for  these  reasons  the  Washington  strain  is  preferred  in 
California. 

THOMSON  STRAIN 

The  Thomson  strain  of  the  Washington  Navel  orange  has  been 
grown  commercially  in  California  for  a  number  of  years  and  has  been 
recognized  as  an  established  variety.  Recently,  however,  the  com- 
mercial propagation  of  the  Thomson  strain  has  been  largely  discon- 
tinued in  southern  California,  and  there  seems  to  be  little  likelihood 
that  it  will  again  be  propagated  extensively  in  that  district.     Indi- 
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vidual  fruits,  limb  variations,  and  entire  trees  of  this  strain  have  been 
commonly  found  in  orchards  planted  to  trees  of  the  Washington  strain. 
The  writers  have  observed  more  than  100  Thomson  limb  variations 
in  otherwise  normal  trees  of  the  Washington  strain  in  California 
orchards.  The  late  A.  C.  Thomson,  of  Duarte,  Calif.,  who  introduced 
this  strain  commercially  about  1891,  acknowledged  having  found  it 
as  a  limb  variation.  Because  of  the  proved  bud  origin  of  the  strain, 
no  propagations  of  Umb  variations  of  this  character  were  included  in 
these  progeny  tests. 

The  trees  of  the  Thomson  strain  are  similar  to  those  of  the  Wash- 
ington strain  except  that  under  comparable  conditions  they  are  not 
quite  as  vigorous  growers  and  consequently  are  somewhat  smaller  in 
size,  sometimes  presenting  a  rather  dwarfed  appearance.  They  are 
more  variable  than  trees  of  the  Washington  strain,  in  both  foliage  and 
fruit,  one  tree  frequently  bearing  several  distinct  strains.     Fruit  vari- 


FiGURE  4.— Fruits  of  the  Thomson  strain  of  the  Washington  Navel  orange,  Riverside,  Calif., 

January,  1915 

ations  in  established  orchards  of  this  strain  are  so  common  as  to  be 
distinctly  detrimental  to  the  value  of  the  crops. 

The  fruits  illustrated  in  Figure  4  are  similar  in  shape  and  size  to 
those  of  the  Washington  strain.  They  differ  from  them  mainly  in 
having  a  very  smooth  rind  of  bright  reddish-orange  color.  The  rind 
of  the  Thomson  fruits  is  usually  thinner  and  the  rag  much  more 
abundant,  coarser,  and  tougher  than  that  of  the  fruits  of  the  Wash- 
ington strain.  The  fruits  mature  somewhat  sooner,  as  is  shown  by 
the  earlier  coloring  of  the  rinds  and  the  higher  sugar-acid  ratio  of  the 
juice,  making  it  possible  in  many  instances  to  harvest  them  at  an 
earlier  date  than  the  fruits  of  the  Washington  strain.  The  smooth 
texture  of  the  rind  as  well  as  the  reddish  color  is  of  distinct  market 
value,  but  the  juice  is  less  acid  than  that  of  the  fruits  of  the  Wash- 
ington strain  and  is  lacking  in  flavor.  The  undesirable  character- 
istics of  the  rag  and  the  inferior  flavor  of  the  juice  are  detrimental 
to  the  reputation  of  the  fruits  of  this  strain  and  are  the  main  reasons 
for  the  almost  entire  abandonment  of  the  further  commercial  plant- 
ing of  trees  of  the  Thomson  strain. 

The  comparative  performance  records  of  five  progeny  trees  of  the 
Thomson  strain  and  five  of  the  Washington  strain  are  shown  in  Table 
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4.  This  shows  that  the  five  progeny  trees  of  the  Thomson  strain 
have  produced  a  total  of  8,914  oranges  as  compared  with  a  total  of 
9,359  oranges  for  the  five  trees  of  the  Washington  strain.  These 
data  are  fairly  typical  of  the  yields  of  these  strains  obtained  in 
commercial  orchards  in  California  wherever  accurate  comparable 
records  have  been  available  for  consideration. 


Table  4. — Records  of  annual  production  of  -progeny  trees  propagated  from  normal 
Thomson  limbs  in  trees  of  the  Thomson  strain  of  the  Washington  Navel  orange 
compared  with  records  of  trees  propagated  from  normal  Washington  limbs  in  trees 
of  the  Washington  strain 


[All  these  trees  were  planted  in  July,  1917,  and  have  borne  only  fruits  typical  of  the  strains  that  were 

propagated] 

Source  of  buds 

Number  of  fruits  produced  by  progeny  trees 

Progeny 
tree  No. 

1 

05 

05 

^ 

^ 

! 

1 

05 

13 

1 

7-40 

>Normal  limb  in  Thomson  tree  No.  20 

ri8 

122 
/  2 
\22 
30 
30 

{'? 

ri2 

128 

115 
39 
106 
110 
157 
125 
98 
91 
54 
76 

121 

74 
90 

113 
93 

127 
27 
78 

116 

141 

511 
453 

247 
234 
233 
505 
532 
355 
457 
490 

334 
325 
182 
230 
238 
148 
249 
131 
169 
207 

270 
268 
201 
326 
315 
300 
316 
154 
324 
387 

380 
405 
354 
531 
484 
522 
630 
416 
653 
531 

122 

1,871 

7-41 

7-53 

>Normal  limb  in  Thomson  tree  No.  23 

230     1,  »ie 
315  j  1,497 

7-54 

9-49 

227     1,799 
381      1  931 

7-11 

7-27 

7-28 

9-21 

9-22 

Normal  limb  in  Washington  tree  No.  4 

JNormal  limb  in  Washington  tree  No.  12 

JNormal  limb  in  Washington  tree  No.  78 

171 
163 
143 
190 
199 

1,928 
2,028 
1,369 
1, 975 
2,059 

1  The  total  production  of  5  Thomson  trees  was  8,914  and  that  of  5  Washington  trees  was  9,359. 
UNPRODUCTIVE  STRAINS 

The  limb  and  tree  variations  of  the  Washington  Navel  orange 
that  have  been  strikingly  and  inherently  unproductive  have  been 
segregated  into  three  groups:  (1)  Those  of  very  light  production, 
but  bearing  fruits  apparently  identical  with  those  of  the  parent- 
strain;  (2)  those  having  a  very  low  production  of  small,  wrinkled 
fruits;  and  (3)  those  bearing  somewhat  larger  crops  of  rather  coarse 
fruits  as  compared  with  the  other  two  groups. 

These  strains  are  important  ones  to  the  Washington  Navel  orange 
industry,  because  the  presence  of  trees  of  these  strains  has  been 
proved  to  be  largely  responsible  for  the  very  low  production  of 
several  commercial  orchards  where  individual-tree  studies  have  been 
carried  on  and  is  doubtless  the  cause  of  low  yields  in  many  other 
unprofitable  orchards. 

In  1910  the  senior  writer  found  a  very  unproductive  limb  in  a  tree 
grown  from  a  single  bud  of  the  Thomson  strain  in  an  orchard  planted 
in  1903  at  Riverside,  which  is  typical  of  the  occurrence  of  similar 
limb  variations  that  have  been  found  in  trees  of  both  the  Thomson 
and  the  Washington  strains. 

This  Unproductive-strain  limb  is  one  of  the  main  branches  of  the 
tree  arising  from  a  point  about  3  feet  above  the  bud  union,  and  at  the 
present  time  constitutes  about  one-half  the  growth  of  the  tree.  This 
tree  was  mentioned  on  page  25  of  United  States  Department  of 
Agriculture  Bulletin  623  and  was  illustrated  in  Figures  7  and  8  of 
that  publication  (27).  It  was  also  described  and  a  progress  report 
made  on  the  performance  of  its  progeny  in  the  Journal  of  Agricul- 
tural Research  for  November  17,  1923  (15). 
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A  photograph  of  the  structure  of  the  parent  tree  is  reproduced  in 
Figure  5,  in  which  the  Unproductive  limb  is  marked  with  a  white 
cloth.     The  branches  below  the  white  cloth  on  all  sides  of  the  tree 


Figure  5.— Trunk  and  main  limbs  of  the  tree  of  the  Thomson  strain  orange  from  which  the  five 
trees  listed  in  Table  5  were  propagated.  The  limb  marked  with  the  white  cloth  is  the  Unpro- 
ductive variation.    Photographed  at  Riverside,  Calif.,  in  the  spring  of  1914 

trunk  are  normal  for  the  variety.     A  general  view  of  the  tree,  as  it 
appeared  in  December,  1922,  is  shown  in  Figure  6. 

The  growth  of  the  Unproductive  limb  has  been  somewhat  more 
vigorous  than  that  of  the  other  branches  of  this  tree,  and  its  leaves 
have  tended  to  be  smaller,  slightly  more  pointed,  more  yellowish 
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green,  and  less  abundant  than  the  normal  foliage.  However,  during 
recent  years  it  has  become  more  difficult  to  distinguish  the  growth 
of  the  Unproductive  limb  without  close  examination  of  the  tree 
structure.  There  are  no  apparent  differences  in  time  of  blooming 
or  in  the  number  or  structure  of  the  flowers  borne  by  different  branches 
of  the  tree. 

The  orchard  in  which  this  tree  stands  is  favorably  located,  has  been 
given  ordinary  cultural  care,  and  the  tree  has  never  suffered  from 


Figure  6.— A  tree  of  the  Thomson  strain  containing  a  hmb  variation  of  tiie  Unjjroductive  strain,  as 
shown  in  Figure  5.  Progeny  trees  propagated  from  this  parent  are  shown  in  Figure  7,  and  their 
performance  records  are  given  in  Table  5.    Riverside,  Calif.,  December,  1922 

frost  injury,  insect  attack,  or  fungous  diseases.  The  tree  has  been 
under  observation  each  year  since  its  discovery,  but  detailed  perform- 
ance records  were  not  obtained  from  it  because  of  its  location  some 
distance  from  the  Washington  Navel  orange  performance-record  plots. 
Lack  of  time  and  assistance  made  it  impracticable  to  obtain  yield 
records  from  it,  as  was  also  the  case  with  many  other  interesting 
isolated  trees  which  have  been  closely  observed  for  a  number  of  years. 
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The  yearly  observations  of  the  behavior  of  this  tree,  both  before  and 
after  propagations  were  made  from  it,  have  shown  that  the  Unpro- 
ductive Umb  has  been  consistently  unproductive  or  barren,  never 
having  produced  more  than  6  fruits  in  any  year  except  in  the  1922-23, 
season,  when  it  produced  14  oranges,  13  of  which  were  borne  by  one 
small  branch,  the  fohage  of  which  indicated  that  it  might  be  a  rever- 
sion to  the  original  Thomson  strain.  Subsequent  observations  have 
shown  that  this  fruiting  branch  has  continued  to  bear  a  few  fruits 
each  year,  and  its  performance  and  appearance  have  confirmed  the 
conclusion  that  it  is  a  reversion.  The  limbs  of  this  tree  other  than 
the  Unproductive  one  have  produced  normal  crops  each  year.  The 
fruits  borne  by  the  Unproductive  limb  are  so  like  those  produced  by 
the  normal  branches  that  it  has  been  impossible  to  distinguish  be- 
tween them. 

The  progeny  plantings  from  this  tree  consist  of  three  trees  grown 
from  buds  from  the  Unproductive  Umb  and  two  trees  grown  from  a 
normal  branch  planted  as  part  of  a  single  row.  Two  trees  of  each 
progeny  are  shown  in  Figure  7.     The  trees  have  made  a  vigorous  and 


Figure  7.— Progeny  trees  of  the  Unproductive  (right)  and  Thomson  strains  oi  the  W  ashington  Navel 
orange  which  were  propagated  from  a  limb  variation  and  the  normal  part  of  the  tree  shown  in 
Figures  6  and  6.  The  performance  records  of  these  trees  and  an  additional  one  that  stands  at  the 
right  of  thera  are  given  in  Table  5.  University  of  California  Citrus  Experiment  Station,  Riverside, 
Calif.,  January,  1928 

healthy  growth  and  began  bearing  three  years  after  planting.  No 
pruning  or  other  tree  treatments  have  been  given  any  of  these  trees, 
and  they  have  all  received  the  same  cultural  care,  every  possible  pre- 
caution having  been  exercised  to  provide  uniform  environmental  in- 
fluences so  that  the  performances  of  the  individual  trees  are  fairly 
comparable. 

The  oranges  borne  by  the  progeny  trees  of  the  Unproductive  strain 
have  been  similar  in  all  their  characters  to  those  produced  by  the 
progeny  trees  of  the  normal  Thomson  strain,  as  shown  in  Figure  8. 

The  more  vigorous  growth  of  the  progeny  trees  of  the  Unproductive 
limb  as  compared  with  the  normal  has  been  increasingly  marked  with 
each  successive  year  until  at  this  time  they  are  much  larger  than  the 
progeny  trees  from  the  normal  part  of  the  parent  tree,  both  as  re- 
gards size  of  tree  trunks  and  volume  of  tree  tops.  The  time  of  bloom- 
ing, structure,  and  other  characteristics  of  the  flowers  are  the  same  for 
the  trees  of  both  progenies.  The  shape  and  size  of  the  leaves  are 
much  the  same  for  all  of  the  progeny  trees,  but  the  foliage  of  the  trees 
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of  the  productive  strain,  like  the  parent  Hmb,  is  more  yellowish  and 
less  abundant  than  that  of  the  normal  Thomson  trees.  The  habit  of 
growth  of  the  normal  progeny  trees  of  the  Thomson  strain  is  much 
more  drooping  than  that  of  the  Unproductive  trees.  This  condition, 
as  well  as  the  smaller  size  of  the  trees,  may  be  explained  as  resulting 
from  the  continuous  cropping  ol  the  Thomson  progeny  trees  as  con- 
trasted with  the  very  light  yields  of  the  Unproductive  trees. 

Table  ^.—Records  of  annual  production  of  progeny  trees  propagated  from  a  limb 
variation  of  the  Unproductive  strain  of  the  Washington  Navel  orange  compared 
with  the  records  of  trees  propagated  from  normal  branches  in  the  same  parent  trees 

[These  progeny  trees  were  planted  in  July,  1917,  and  all  the  fruits  produced  by  them  have  been  normal  in 

character] 


Source  of  buds 

Number  of  fruits  produced  by  progeny  trees 

Progeny 
tree  No. 

Limb 

?i 

?3 

1 

1 

1 

! 

1 

i 

^ 

I 

C3 

■3 

1 

7-4 

7-5. 

11 

/18 
150 

0 
0 
0 
61 
60 

0 
0 

1 

5G 
72 

28 

16 

15 

173 

262 

0 
0 
0 
99 
93 

33 

28 

8 

283 

261 

68 
104 
122 
444 
362 

0 
0 
0 

118 
85 

130 

151 

7-6 

7-7 

7-8 

146 
1,252 

1,245 

Figure  8.— Fruits  from  progeny  trees  of  the  Unproductive  (right)  and  normal  Thomson  strains, 
showing  their  great  similarity.  These  are  from  trees  7-6  and  7-7  shown  in  Figure  7  and  listed 
in  Table  5,  which  were  propagated  from  different  limbs  of  the  tree  shown  in  Figures  5  and  6. 
Riverside,  Calif.,  December,  1922 

The  performance  records  of  each  of  the  progeny  trees  are  shown  in 
Table  5,  in  which  are  recorded  the  number  of  oranges  borne  by  each 
tree  for  each  year  since  they  began  fruiting.  This  table  shows  that 
trees  7-4,  7-5,  and  7-6,  which  were  propagated  with  buds  taken  from 
the  Unproductive  limb  variation,  have  been  consistently  low  in  pro- 
duction during  the  entire  period  of  this  performance  record,  producing 
totals  of  only  130,  151,  and  146  oranges,  respectively.  On  the  other 
hand,  trees  7-7  and  7-8,  propagated  from  buds  taken  from  the  normal 
Thomson  part  of  the  same  parent  tree,  have  been  normally  productive, 


BUD   SELECTION   IN   THE   WASHINGTON   NAVEL  ORANGE 


17 


producing  totals  of  1,252  and  1,245  fruits,  respectively.  The  average 
production  each  season  for  the  Unproductive  and  normal  Thomson 
trees  is  shown  graphically  in  Figure  9. 

This  striking  difference  in  the  productivity  of  progeny  trees  is  a 
typical  example  of  the  transmission  of  the  quantity-of-production 
character  to  progeny  trees  budded  from  a  similar  limb  variation.  This 
test  also  suggests  that  many  of  the  low-yielding  trees  in  established 
orchards  have  probably  resulted  from  the  unintentional  propagation 
of  similar  limb  variations  where  systematic  bud-selection  practices 
were  not  followed.  It  also  illustrates  the  importance  in  commercial 
propagation  of  the 
careful  selection  of  '^oo 
bud  wood  based  on 
performance  records 
and  the  individual 
tree  studies,  in  order 
to  avoid  the  perpetua- 
tion of  trees  of  the  l( 
Unproductive  strain  h  2SO 
or  limb  variations  ^ 
in  otherwise  normal 
trees. 

The  number  o  f 
fruits  produced  by 
all  the  trees  has 
been  considerably 
reduced  in  certain 
seasons  by  unfavor- 
able climatic  condi- 
tions. It  wi  1 1  be 
seen,  however,  that 
during  seasons  of  low 
yields  the  crops  of 
the  Unproductive 
strain  trees  have  been 
more  seriously  re- 
duced than  have 
those  of  the  normal- 
strain  trees. 

The  production  of 
trees  of  the  Unproductive  strain  in  this  progeny  test  has  been  very 
unprofitable,  whereas  the  yields  of  the  normal-strain  trees  have 
been  profitable  under  the  conditions  where  these  trees  have  been 
grown.  In  estabhshed  orchards  of  this  variety  frequently  more 
than  10  per  cent  of  the  trees  have  been  of  the  Unproductive 
strain,  similar  to  those  in  this  progeny  test.  The  economic  loss 
from  the  presence  of  such  trees  has  been  large  and  has  been  an 
annual  burden  to  the  growers. 

The  performance  records  of  progeny  trees  of  the  two  other  forms  of 
the  Unproductive  strains  with  records  of  trees  propagated  from  com- 
parable normal-parent  trees  are  shown  in  Table  6,     Progeny  trees 

41519°— 29 2 


Figure  9.— Diagram  showing  the  average  number  of  fruits  produced 
per  tree  each  season  by  the  progeny  trees  of  the  Unproductive  and 
normal  Thomson  strains  of  the  Washington  Navel  orange  which 
are  recorded  in  Table  5.  Four  of  these  trees  are  shown  in  Figure  7, 
and  they  were  all  propagated  from  buds  from  the  tree  shown  in 
Figures  5  and  6 
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8-21  and  8-22  in  this  table  are  representative  of  the  second  group  of 
the  Unproductive  strains,  bearing  very  Ught  crops  of  abnormal  fruits. 
These  two  progeny  trees  propagated  from  an  Unproductive  limb 
variation  in  a  tree  of  the  Thomson  strain  have  produced  totals  of  only 
112  and  22  oranges,  respectively,  for  the  8-year  performance-record 
period,  whereas  the  comparable  progeny  trees  7-49  and  7-50  have 
produced  totals  of  1,493  and  1,948,  respectively,  for  the  same  period. 
The  fruits  of  the  Unproductive  strain  trees  have  been  small,  somewhat 
elongated  or  pear  shaped,  with  a  coarse  texture  and  slightly  wrinkled 
surface  of  the  rind. 

Table  6. — Records  of  annual  production  of  progeny  trees  propagated  from  limh  and 
tree  variations  of  Unproductive  strains  of  the  Washington  Navel  orange  compared 
with  records  of  trees  propagated  from  comparable  normal  parent  trees 


[The  first  four  progeny  trees  were  planted  in  July, 

1917, 

and  the  others  in  May,  1919] 

Source  of  buds 

Fruits  produced  by  progeny  trees 

Progeny 
tree  No, 

6 

Limb 

Character 

Number 

(N 

1 

^ 

^ 

s 

S 

1 

1 

^   ■ 

1 

8-21 

8-22 

7-49 

7-50 

31-16 

}  39 
}  22 
}205 
}206 
}202 

f  Unproductive  limb  vari- 
\    ation  in  Thomson  tree. 
fNormal  Thomson  limb 
\    in  comparable  tree, 
f  Unproductive  Washing- 
\    ton  tree. 

do 

/Normal    Washington 
1    limb. 

Long,  coarse, 
wrinkled. 

JThomson 

jCoarse 

do 

i  Washington.. 

f 

0 

0 

95 

107 

0 
0 
92 
96 
4 
12 
3 
9 
11 
17 

0 
4 
248 
499 
8 
4 
8 
10 
43 
58 

0 

0 

223 

288 
32 

19 

3 

209 

268 
166 

91 

14 

369 

458 

79 

32 

74 

5 

264 

300 

2 

1 

247 

226 

0 

0 

0 

0 

33 

129 

112 

22 

1,493 

1,948 

289 

31-16 

\ 

2     148 

198 

31-11 

f 

12 
50 
129 
144 

118 
146 
206 
221 

215 

31-12 

1 

220 

31-5 

31-6..... 

{::: 

2 
3 

688 
872 

The  four  progeny  trees-^31-15,  31-16,  31-11,  and  31-12— make  up 
two  progenies  representative  of  the  third  group  of  the  Unproductive 
strains  of  the  Washington  Navel  which  bear  coarse  fruits,  but  in 
somewhat  larger  quantity  than  that  produced  by  the  trees  of  the  two 
other  groups.  In  this  set,  the  trees  of  the  Unproductive  strain  have 
produced  totals  of  289,  198,  215,  and  220  oranges,  respectively,  for 
the  6-year  performance  record  period  during  which  these  trees  have 
been  in  fruiting,  whereas  the  comparative  progeny  trees  of  the 
normal  strain  have  produced  totals  of  688  and  872,  respectively,  for 
the  same  period.  The  normal-strain  trees  bore  a  few  oranges  one 
year  earlier  than  trees  of  the  Unproductive  strain  and  have  been 
consistently  more  productive  each  season.  This  record  is  an  illus- 
tration of  the  common  experience  in  the  citrus-propagation  worK 
in  these  investigations,  which  shows  that  the  prolific  trees  usually 
begin  production  earlier  than  the  Unproductive  ones.  The  total 
production  of  each  of  the  progeny  trees  recorded  in  Table  6  is  shown 
graphically  in  Figure  10. 

The  fruits  of  these  progeny  trees  of  the  Unproductive  strain  have 
had  a  texture  of  rind  somewhat  coarser  than  those  of  the  normal- 
strain  trees  but  otherwise  have  been  very  similar  to  them.  The 
differences  in  the  quantities  of  fruit  produced  by  these  Unproductive 
trees  as  compared  with  those  of  the  normal  strain  have  not  been  so 
marked  as  was  the  case  with  those  shown  in  Table  5  or  those  recorded 
for  the  first  two  comparable  progenies  in  Table  6.     This  condition 
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is  typical  of  other  comparative  progeny-performance  records  in  this 
progeny  ulanting  in  that  the  different  degrees  of  variations,  pro- 
ductivity, or  other  characteristics  of  the  parent-limb  variations  of 
individual-parent  trees  have  been  consistently  transmitted  to  their 
progenies  through  bud  propagation. 

In  the  instances  recorded  in  Tables  5  and  6  it  is  evident  that 
quantity  production  has  been  transmitted  through  bud  propagation, 
thus  demonstrating  the  possibility  of  such  inheritance.  Variations 
in  production  are  also  sometimes  due  to  soil  or  stock  influences  and 
to  differences  in  cultural  practices,  but  such  variations  are  of  an 
entirely  different  nature  from  those  described  and  are  not  transmitted! 
in  propagations. 

AUSTRAUAN  STRAINS 

The  name  Australian  as  applied  to  strains  of  the  Washington  Navel 
orange  seems  to  have  been  commonly  adopted  by  growers  on  account 


^    /VO. 
6^A/>^yec?^6/C7y^j£\    3-2/ 


{: 


^9 


sz-y-^ 


^yVy^yP^P^yyC-TV/^^  ^/ 


/6 


o  eoo  ^oa  600  300  /ooo  /eao  /^^  /soo  /<9oo  jsooo 

Figure  10.— Diagram  showing  the  total  number  of  fruits  produced  by  the  individual  trees  of  the 
Unproductive  and  normal  strains  of  the  Washington  Navel  orange  which  are  recorded  in  Table  6 

of  the  resemblance  of  the  trees  of  these  strains  to  those  grown  in 
California  at  one  time  to  a  very  limited  extent  from  an  early  impor- 
tation from  AustraHa.  It  has  gradually  become  generally  used  to 
indicate  rank-growing,  unproductive  trees  bearing  coarse,  inferior 
fruits. 

The  trees  of  the  Australian  strains  are  vigorous  and  have  a  char- 
acteristic upright  habit  of  growth,  as  shown  in  Figure  11.  If  not 
kept  down  by  severe  pruning,  these  trees  stand  out  in  striking  con- 
trast to  the  trees  of  other  strains  of  the  Washington  Navel  orange 
and  can  be  easily  identified  by  reason  of  their  greater  height  and  larger 
size.  They  produce  a  large  volume  of  vigorous  vegetative  non- 
fruiting  growth,  formerly  highly  prized  as  bud  wood  for  propagation. 
They  bear  light  crops  of  fruits  of  poor  quality.  Thus  far,  pruning 
and  other  treatments  have  failed  to  improve  their  fruiting  character- 
istics, and  their  presence  in  any  considerable  numbers  in  established 
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orchards  is  the  cause  of  serious  economic  losses  to  the  growers.  For- 
tunately, it  has  been  found  that  these  trees  can  be  successfully  top- 
worked  by  using  carefully  selected  buds  from  desirable  trees  of  the 
Washington  strain,  and  many  thousands  of  trees  of  the  Australian 
strain  in  California  orchards  have  been  made  profitable  during  recent 
years  in  this  manner. 

The  Australian  strains  are  quite  variable  and  may  be  classified  by 
their  fruit  characters  as:  (1)  Small  Australian,  resembling  Washington 
strain  fruit  except  in  size,  as  shown  in  Figure  12 ;  (2)  Coarse  Australian, 
of  large  size,  globular  shape,  light  color,  and  very  coarse  texture  of 
rind,  abundant  rag,  and  with  small  quantities  of  juice  of  poor  quality 
(fig.  13);  and  (3)  Wrinlded  Australian,  of  small  size,  flattened  shape, 
and  peculiarly  wrinkled  around  the  stem  ends,  as  shown  in  Figure  14. 
The  fruits  are  seedless  and  frequently  develop  large  protruding  navels 


Figure  11.— Progeny  trees  of  tlie  Australian  (right)  and  Washington  strains  of  the  Washington 
Navel  orange.  These  are  trees  7-10  and  7-11  as  recorded  in  Table  7.  University  of  California 
Citrus  Exi)eriment  Station,  Riverside,  Calif.,  November,  1924 

which  detract  from  their  appearance  and  market  value.  The  fruits 
of  these  three  classes  sometimes  occur  on  the  same  tree,  but  more 
commonly  those  of  one  class  tend  to  predominate,  to  the  exclusion 
of  those  of  the  other  classes.  For  this  reason  in  these  progeny 
propagations  the  trees  have  been  classified  according  to^  the  dominant 
kind  of  fruit  produced  by  the  parent  variations  and  their  progenies. 

In  Table  7  the  performance  records  of  11  progeny  trees  of  the 
Australian  strains  are  presented  in  comparison  with  those  of  2  progeny 
trees  of  the  Thomson  strain  and  1  of  the  Washington  strain. 

The  total  average  production  of  the  11  progeny  trees  of  the  Aus- 
tralian strain  for  the  8-year  performance-record  period  has  been  637 
oranges,  whereas  the  total  average  for  the  trees  of  the  Thomson  and 
Washington  strains  has  been  1,757  oranges.  Figure  15  presents  a 
diagram  showing  the  average  number  of  fruits  produced  each  season 
by  these  Australian  trees  and  by  the  normal  Thomson  and  Wash- 
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Table  7. — Records  of  annual  'production  of  progeny  trees  propagated  from  tree 
and  limb  variations  of  the  Australian  strain  of  the  Washington  Navel  orange  com- 
pared with  records  of  trees  propagated  from  a  normal  limb  of  one  of  the  same  trees 
and  from  a  near-by  normal  tree 

[These  progeny  trees  were  all  planted  in  July,  1917,  and  have  produced  only  fruit  typical  of  that  borne 

by  the  parent  tree  or  limbj 


Progeny 
tree  No. 


Source  of  buds 


P^^ 


Tree  or  limb 


Number  of  fruits  produced  by  progeny  trees 


7-9„ 
7-10- 
7-13- 
7-14. 
7-15- 
7-16. 
8-31- 
8-32- 
8-39. 
8-40- 
8-53- 

8-49. 
8-50- 
7-11. 


Australian  tree,  small  fruited. 
do 


Australian  tree,  coarse  fruited 

Australian  limb,     wrinkle     fruited     in 
Thomson  tree __. 

Australian  tree,  wrinkle  fruited 

Australian    limb,    wrinkle    fruited    in 
Thomson  tree 

Normal  Thomson  limb 

Normal  Washington  tree 


63 
51 
105 
28 
63 
165 
258 
60 
67 

138 
374 
184 
505 


0 
0 
0 
0 
0 
1 

45 
102 

37 
5 

130 
277 
198 
148 


318 
128 
159 
128 
168 
83 
315 
209 
320 
293 


505 
345 
522 


0 

0 

0 

0 

0 

0 

100 

55 

240 

204 

196 
233 
215 
171 


572 
514 
260 
410 
403 
429 
875 
917 
945 
835 

848 
1,984 
1,358 
1,928 


The  average  total  production  of  11  Australian  trees  was  637  fruits,  and  that  of  3  normal  trees  was  1,757. 


Figure  12.— Fruits  of  the  small-fruited  Australian  (left)  and  normal  Washington  strains  of  the 
Washington  Navel  orange  which  were  produced  on  different  limbs  of  the  same  tree.  Riverside, 
Calif.,  February,  1912 

ington  trees.  These  data,  together  Vith  those  giving  the  annual 
yields  of  these  trees,  show  that  the  progeny  trees  of  the  Austrahan 
strains  have  produced  an  average  of  less  than  one-half  the  quantity 
of  the  Thomson  and  Washington  strains.  The  small  quantity  of 
fruit  borne  by  the  Australian  progeny  trees  is  correlated  with  inferior 
commercial  quality,  much  of  which  is  unfit  for  marketing  and  undesir- 
able for  consumption. 

Particular  attention  is  directed  in  Table  7  to  the  performance  records 
of  progeny  trees  8-53,  8-49,  and  8-50.  Tree  8-53  was  propagated 
from  an  Australian  limb  variation  bearing  wrinkled  fruits  in  the 
same  parent  Thomson  tree  from  which  progeny  trees  8-49  and  8-50 
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were  propagated.  In  this  instance  the  Australian  progeny  tree  has 
produced  a  total  of  only  848  oranges,  whereas  the  comparable  Thomson 
strain  trees  from  the  same  parent  have  produced  totals  of  1,984  and 
1,358  oranges.     The  fruits  borne  by  the  Australian  progeny  trees 


Figure  13.— Fruits  of  the  coarse-fruited  Australian  (right)  and  normal  Washington  strains  of  the 
Washington  Navel  orange  which  were  produced  on  a  limb  variation  and  on  the  normal  portion 
of  a  single  tree.    Riverside,  Calif.,  February,  1914 

have  been  consistently  very  inferior  in  quality  to  those  borne  by 
trees  of  the  Thomson  strain  and  largely  worthless  for  marketing. 

The  performance  records    of  the  Australian  progeny    trees  show 
clearly  that  the  habits  of  tall  growth  and  quantity  and  commercial 


Figure  14.— Fruits  of  the  wrinkled-fruited  Australian  strain  of  the  Washington  Navel  orange 
which  were  borne  on  the  parent-limb  variation  from  which  tree  8-53  in  Table  7  was  propagated. 
Riverside,  Calif.,  February,  1915 

quality  of  fruit  produced  by  limb  or  tree  variations  have  been  per- 
petuated through  bud  propagation.  These  facts  are  of  fundamental 
importance  in  the  economic  production  of  Washington  Navel  orange 
crops,  as  has  been  repeatedly  demonstrated  both  experimentally 
and  commercially  in  the  course  of  these  investigations. 
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WILLOW-LEAF  STRAIN 

The  name  Willow-Leaf  was  used  to  designate  this  strain  of  the 
Washington  Navel  orange  because  the  narrow  and  acutely  pointed 
leaves,  as  shown  in  Figure  16,  resemble  those  of  the  common  willow 
tree. 

Table  8. — Records  of  annual  production  of  progeny  trees  propagated  from  a  tree  of 
the  Willow-Leaf  strain  of  the  Washington  Navel  orange  compared  with  records  of 
trees  propagated  from  a  noirmal  Washington  tree 

[These  progeny  trees  were  planted  in  July,  1917] 


Source  of  buds 

Fruits  produced  by  progeny  trees 

Prog- 
eny 
tree 

Par- 
ent 
tree 
No. 

Limb 

Character 

Number 

No. 

1920- 
21 

1921- 
22 

192^ 
23 

1923- 
24 

1924- 

25 

1925- 
26 

1926-  1927- 
27       28 

To- 
tall 

8-45.... 

!: 

(willow  Leaf 

Willow  Leaf... 
Washington 

f    2 

\    7 

2 

r  12 

\  28 

30 
52 
5 
54 
76 

22 

41 

12 

116 

141 

212 

86 

60 

457 

490 

22 

5 

4 

169 

207 

34 

31 

43 

324 

387 

197 
145 
131 
653 
531 

0 

2 

7 

190 

199 

519 

8-46 

8-48.... 
9-21.... 
9-22.... 

1  Washington  tree 

/Normal    Washington 
\    tree. 

369 

264 

1,975 

2,059 

1  The  average  total  production  of  3  Willow- Leaf  trees  was  384  fruits  and  that  of  2  normal  Washington 
trees  was  2,017. 


The  trees  of  the  Willow-Leaf  strain  are  unproductive  as  compared 
with  those  of  the  normal  strain.  They  might  be  considered  as  one 
of  the  unproductive  strains,  ^s'O 
but  have  been  listed  sepa- 
rately on  account  of  their 
characteristic  appearance. 
They  make  a  vigorous, 
healthy  growth  and  have 
an  abundance  of  foliage. 
The  leaves  are  lanceolate 
in  shape  and  are  sharply 
pointed  as  compared  with 
the  oval  shape  and  more 
obtuse  ends  of  normal 
leaves. 

The  fruits  are  of  smaller 
size  and  somewhat  coarser 
texture  than  those  of  the 
normal  Washington  strain. 

Table  8  presents  the  per- 
formance records  of  three 
progeny  trees  which  were 
propagated  from  a  typical 
parent  tree  of  the  Willow- 
Leaf  strain  and  the  com- 
parative performance  rec- 
ords of  two  progeny  trees 
of  the  normal  Washington 
strain.  The  average  total 
yield  of  the  trees  of  the  Willow-Leaf  strain  has  been  384  oranges, 
whereas  that  of  the  comparable  trees  of  the  Washington  strain  has 
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Figure  15. — Diagram  showing  the  average  number  of  fruits 
produced  per  tree  each  season  by  the  progeny  trees  of  the 
Australian  strains  and  the  normal  Thomson  and  Washington 
strains  which  are  recorded  in  Table  7 


24 


TECHNICAL  BULLETIN  123,  V.  S.  DEPT.  OF  AGRICULTURE 


been  2,017  oranges  for  the  8-year  performance-record  period.  Figure 
17  shows  these  production  differences  graphically.  Not  only  has  the 
production  of  the  Willow-Leaf  trees  been  much  less  than  that  of  the 
Washington  trees,  but  the  commercial  quality  of  the  fruits  has  also 
been  very  inferior. 

In  this  progeny  test  the  Willow-Leaf  strain  characteristics  of  the 
parent-tree  variation,  including  shape  of  leaves  and  quantity  and 
quality  of  fruit,  have  been  transmitted  through  bud  propagation. 


Figure  16.— Typical  leaves  of  the  Willow-Leaf  (top)   and  Thomson  strains  of  the  Washington 
Navel  orange.    University  of  California  Citrus  Experiment  Station,  Riverside,  Calif.,  April,  1928 

DRY  STRAINS 

The  Dry  strains  of  the  Washington  Navel  orange  were  so  called 
on  account  of  the  fact  that  the  trees  of  these  strains  produce  fruits 
having  little  or  no  juice.  Different  conditions  of  dryness  of  the  fruits 
have  led  to  the  classification  of  these  forms  as  Dry-Solid,  where  the 
fruit  pulp  is  composed  of  a  large  number  of  dry  cells  compacted  into 
a  mass  of  coarse  tissue  with  a  complete  or  almost  entire  absence  of 
juice,  and  Dry-Hollow,  where  the  fruit  segments  are  nearly  empty 
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and  lined  with  a  partial  layer  of  small  globular  pulp  vesicles  which 
are  usually  dry.  There  is  frequently  considerable  variation  in  the 
quantity  of  juice  in  different  fruits  of  the  Dry-Sohd  strain,  but  an 
examination  of  hundreds  of  Dry-Hollow  fruits  has  revealed  httle 
juice  in  any  of  them,  most  of  them  being  so  nearly  dry  that  it  has 
been  impracticable  to  obtain  a  complete  chemical  analysis  of  the 
juice.  In  fohage  characteristics  the  Dry-Sohd  and  Dry-Hollow  trees 
are  very  similar,  their 
main  differences  being  ^^  ^ 
in  the  characteristics 
of  the  fruits.  Typical 
specimens  of  the  Dry- 
Solid  and  Dry-Hollow 
fruits  are  shown  in 
Figures  18  and  1^. 

The  trees  of  the  Dry 
strains  have  a  finely 
branched  arrange- 
ment and  an  upright 
habit  of  growth  some- 
what resembling  these 
characteristics  of  the 
Unproductive  strain. 
The  foliage  is  dense, 
and  the  leaves  are 
somewhat  lanceolate 
and  acutely  pointed. 

The  fruits  are  glob- 
ular or  oblong  in 
shape,  of  medium  to 
small  size,  and  the 
rinds  are  very  thick, 
coarse  or  pebbled  in 
texture,  and  yellowish 
orange  in  color,  seed- 
less, and  have  small 
or  rudimentary  navels 
with  the  navel  open- 
ing very  small  or  en- 
tirely closed.  The  rag 
is  very  abundant  and 
coarse  in  fruits  of  the 
Dry-Sohd  strain  and 
nearly  lacking  in  those 
of  the  Dry-Hollow 
strain.  The  fruits  are 
very  light  in  weight,  on  account  of  the  absence  of  juice  and  the  thick- 
ness of  the  rinds,  and  they  are  unusually  uniform  in  size  so  far  as 
observed. 

The  performance  record  of  a  Dry-Solid  progeny  tree  which  was 
propagated  from  a  limb  variation  in  an  otherwise  normal  tree  of  the 
Washington  strain  planted  in  1917  is  shown  in  Table  9  together  with 
the  record  of  a   tree  propagated  later  from   another  similar  Hmb 
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Figure  17.— Diagram  showing  the  average  number  of  fruits  produced 
per  tree  each  season  by  the  progeny  trees  of  the  Willow-Leaf  strain 
and  comparable  trees  of  the  normal  Washington  strain  which  are  re- 
corded in  Table  8 
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variation.  For  comparison  with  these  yield  data,  the  performance 
records  of  two  progeny  trees  of  the  Washington  strain  are  also 
included. 

Table  9. — Records  of  annual  production  of  progeny  trees  propagated  from  limh 
variations  of  the  Dry-Solid  strain  of  the  Washington  Navel  orange  compared  with 
the  records  of  trees  propagated  from  a  normal  limh  in  one  of  the  same  parent  trees 

[Trees  8-47,  9-21,  and  9-22  were  planted  in  1917,  and  tree  8-20  was  planted  in  1923] 


Source  of  buds 

Fruits  produced  by  progeny  trees 

Progeny 
tree 

8 

Limb 

Character 

Number 

No. 

M 

I 

! 

? 

f 

i 

^ 

i 

1 

8^7 

9-21 

9-22 

8-20 

57 

}n 

506 

Dry-Solid  limb  variation 
in    Washington    Navel 
tree. 

Normal  Washington  tree.. 

Dry-Solid  limb  variation. . 

Dry-Solid... 

/Washington 
\    normal. 
Dry-Solid 

13 

[i 

65 

54 
76 

95 

116 
141 

189 

457 
490 

29 

169 
207 

82 

324 
387 

297 

653 

531 

3 

92 

190 

199 

0 

862 

1,965 

2,059 

3 

Figure  18.— Fruits  of  the  Dry-Solid  strain  of  the  Washington  Navel  orange  produced  by  the 
progeny  tree  listed  in  Table  9  which  was  propagated  from  a  similar  limb  variation.  Riverside, 
Calif.,  January,  1928 

The  Dry-Solid  progeny  tree  8-47  has  produced  a  total  of  862 
oranges  for  the  8-year  performance-record  period,  and  the  younger 
tree  of  the  same  strain  has  just  begun  to  bear,  producing  3  fruits  in 
the  season  of  1927-28.  The  comparable  progeny  trees  of  the  Wash- 
ington strain  have  produced  totals  of  1,965  and  2,059  oranges, 
respectively,  showing  more  than  double  the  yield  of  the  Dry-Solid 
tree. 

Yield  records  were  not  obtained  from  the  two  progeny  trees  of  the 
Dry-Hollow  strain,  but  close  observation  has  shown  that  they  have 
usually  produced  somewhat  more  than  those  of  the  Dry-Solid  strain, 
but  less  than  the  Washington  trees.  As  a  whole  it  can  be  said  that 
the  Dry  strain  trees  have  been  less  productive  than  Washington 
strain  trees,  but  somewhat  more  productive  than  those  of  the 
Unproductive  strain. 

The  outstanding  characteristics  of  the  fruits  of  the  Dry  strains  are 
their  usual  small  content  or  entire  absence  of  juice  and  the  abnormal 
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thickness  of  their  rinds.  These  conditions  were  found  in  the  fruits 
of  the  parent-limb  variations  and  have  been  transmitted  to  the 
progeny  trees  through  bud  propagation  in  a  very  striking  manner. 
These  tests  indicate  that  the  quantity  of  juice  iti  the  Washington 
Navel  orange  is  a  heritable  character  which  can  be  perpetuated 
through  budding. 

Table  10  presents  analyses  of  representative  samples  of  fruit  from 
the  Dry-Solid,  Dry-Hollow,  and  Washington  strain  progeny  trees. 
It  is  apparent  that  the  hollow  nature  of  the  Dry-Hollow  strain  fruits 
is  responsible  for  their  relatively  low  specific  gravity.  The  thickness 
of  the  rinds  of  the  Dry-strain  fruits,  and  particularly  those  of  the 
Dry-Hollow  strain,  is  clearly  shown  in  the  data  giving  the  percentage 
of  rinds.  From  this  table  it  can  be  seen  that  in  addition  to  the  very 
thick  rinds,  abundant  rag,  less  oil,  and  very  much  less  insoluble 


Figure  19. 


Fruits  of  the  Dry-Hollow  strain  of  the  Washington  Navel  orange  produced  by  a  progeny 
tree  from  a  limb  variation.    Riverside,  Calif.,  January,  1928 


solids  in  the  pulp,  the  juice  of  the  fruits  of  the  Dry  strains  have  less 
acid  and  are  correspondingly  insipid  to  the  taste. 


Table   10. — Composition  of  fruits  from  progeny  trees  of  the  Dry  and  Washington 
strains  of  the  Washington  Navel  orange 

[Analyses  made  by  the  laboratory  of  fruit  and  vegetable  chemistry  of  the  Bureau  of  Chemistry  and 
Soils,  United  States  Department  of  Agriculture,  at  Los  Angeles,  Calif.,  December  1,  1924J 


Tree 
No. 

Specific 

Uyof 
fruit 

Constituents  (per  cent) 

Strain 

Rind 

Pulp 

Oil 

Insol- 
uble 
solids 
in  pulp 

Total 
sugar 

in 
juice 

Acid 

in 
juice 

Soluble 

solids  in 

juice 

Dry-Solid... 

1 
2 

0.825 
.654 
.640 
.899 
.912 

48.4 
73.2 
72.6 
32.1 
30.4 

61.4 
26.5 
27.1 
67.4 
69.5 

0.592 
.338 
.338 
.677 
.508 

5.83 
9.70 
9.75 
2.72 
2.80 

7.77 
8.40 
8.40 
8.46 
8.29 

0.88 
.25 
.21 
1.22 
1.26 

10.58 

Dry-Hollow 

Too  dry. 

Do. 

Too  dry. 

Washington 

12.30 

Do... 

5 

12.29 

On  account  of  the  almost  complete  absence  of  juice,  if  for  no  other 
reason;  the  fruits  of  the  Dry  strains  are  absolutely  unfit  for  marketing. 
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The  accidental  inclusion  of  such  fruits  in  the  regular  market  packs 
must  have  a  detrimental  effect  upon  the  reputation  of  the  crop  as  a 
whole.  It  is  very  important  that  the  further  propagation  of  trees  of 
these  strains  should  be  avoided  through  careful  bud-selection 
practices.  In  established  orchards  Dry-strain  limb  variations  in 
otherwise  normal  trees  can  be  removed  by  pruning,  and  entire  trees 
can  be  replaced  by  top-working  or  replanting. 

BROWN-SPOTTED  STRAIN 

The  name  Brown-Spotted  has  been  given  to  a  strain  of  the 
Washington  Navel  orange  the  fruits  of  which  develop  irregular 
brownish  and  slightly  sunken  spots  when  near  maturity.  When 
these  fruits  were  first  found  it  was  thought  that  the  spots  were  due 
to  a  disease,  to  insect  injuries,  or  to  fumigation  burns,  but  subsequent 
studies  proved  the  tissues  of  the  rinds  of  the  fruits  to  be  inherently 


.  /      4 -^ 

1 

^P*^^M 

■n 

i 

'  ;.->  ;?^«r*i*'P 

IP^ 

aBl^^BS-^RE^sP'^^^^^^o-l^^^^  ^"'V^  'V^ 

Figure  20.— Progeny  trees  of  the  Brown-Spotted  (right)  and  Thomson  strains  of  the  Washington 
Navel  orange  which  are  hsted  as  7-47  and  7-48  in  Table  11.  University  of  California  Citrus  Ex- 
periment Station,  Riverside,  Calif.,  January,  1928 

weak  and  that  the  spots  are  caused  by  the  breaking  down  of  groups 
of  cells  in  the  rind.  The  brownish  color  of  the  spots  apparently 
results  from  the  action  of  the  released  citrus  oil  on  the  surface  areas 
of  the  peel,  and  the  spots  have  a  similar  appearance  to  those  which 
develop  in  handling  operations  with  citrus  fruits  where  the  oil  cells 
become  broken  and  the  free  oil  spreads  over  adjacent  areas  of  the 
rind. 

The  foliage  characteristics  of  the  trees  of  the  Brown-Spotted  strain 
differ  from  those  of  the  Washington  strain  in  that  the  leaves  are 
smaller,  more  lanceolate,  and  acutely  pointed.  The  trees  are  small, 
with  very  small  twig  diameters,  and  the  growth  is  more  finely 
branched  than  is  ordinarily  the  case  with  the  Washington  strain. 
Figure  20  shows  a  Brown-Spotted  tree  and  a  normal  Thomson  tree 
which  was  propagated  from  the  same  parent  tree. 

The  fruits  are  of  small  size,  distinctly  flattened,  pale  yellow  in 
color,  and  frequently  have  one  or  more  reddish  orange  stripes  and 
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small  sunken  brown  spots*  of  irregular  shape.  The  fruits  are  seedless, 
and  the  navels  are  usually  small  in  size,  sometimes  rudimentary, 
and  frequently  with  no  navel  opening.  The  rinds  of  the  fruits  are 
thick,  and  the  flesh  is  coarse  and  tough.  The  quantity  of  juice  is 
small,  and  it  usually  lacks  flavor,  being  deficient  in  both  acid  and 
sugar.  The  fruits  ripen  early,  and  most  of  them  drop  from  the  trees 
during  November  and  December,  two  or  more  months  before  com,- 
parative  normal  fruits  reach  full  maturity.  A  few  brown  spots 
usually  develop  on  the  fruits  before  they  drop,  and  after  the  fruits 


Figure  21.— Fruits  of  the  Brown-Spotted  strain  of  the  Wa^limiiion  TNavfi  oiiuigL- i>roducedby 
progeny  tree  9-1,  as  listed  in  Table  11,  which  was  propagated  from  a  similar  limb  variation. 
Both  the  exterior  views  show  spots  that  have  been  limited  in  their  extension  by  adjacent 
sections  of  normal  Washington  rind.    Riverside,  Calif.,  January,  1923 

drop,  the  brown  spots  increase  rapidly  in  number  and  size.  Typical 
fruits  of  this  strain  are  shown  in  Figure  21. 

At  the  time  the  Hmb-variation  propagations  were  being  made  in 
1915,  small  Brown-Spotted  hmbs  were  found  in  two  trees  in  orchards 
about  3  miles  apart,  one  of  them  being  in  a  tree  of  the  Thomson 
strain  and  the  other  in  a  tree  that  was  otherwise  typical  of  the 
Washington  strain.  Both  of  these  trees  were  of  normal  size  for  their 
age  and  were  in  a  vigorous  growing  condition. 

The  performance  records  of  progeny  trees  which  were  propagated 
from  these  two  Brown-Spotted  limb  variations  are  shown  in  Table 
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11,  two  of  the  trees  having  been  budded  from  the  variation  in  the 
Thomson  tree  and  two  from  the  one  in  the  Washington  tree.  For 
comparison,  there  are  also  included  the  performance  records  of  two 
normal  Thomson  trees  propagated  from  the  parent  Thomson  tree 
which  produced  the  Brown-Spotted  limb  variation  and  two  progeny 
trees  of  the  Washington  strain. 

Table  11, — Records  of  annual  production  of  progeny  trees  propagated  from  limb 
variations  of  the  Brown-Spotted  strain  of  the  Washington  Navel  orange  compared 
with  the  records  of  trees  propagated  from  a  normal  branch  in  one  of  the  same  parent 
trees  and  from  a  normal  tree  of  the  Washington  strain 

[  All  these  progeny  trees  were  planted  in  1917] 


Source  of  buds 

Fruits  produced  by  progeny  trees 

Progeny 
tree  No. 

d 
1^ 

Limb 

Character 

Number 

?3 

i 

7 

7 

i 

f 

7 

1 

1 

7-47 

7-48 

7-49 

7-50 

25 

53 
53 

Brown-Spotted 
limb  variation 
in  Thomson  tree 
(all  fruits  spot- 
ted). 

Normal  Thomson 
limb    in    same 

,    parent  tree. 

Brown-Spotted 
limb  variation 
in  Washington 
tree  (bears  both 
spotted  and  nor- 

,    mal  fruits). 

do 

Normal  Washing- 
ton tree 

Brown-Spotted 

Normal  Thomson 

Brown-Spotted 

Brown-Spotted    with 
Washington  sections. 
Normal  Washington. . 
Ribbed  Washington- 
Total     . 

r  12 

24 
49 

95 
107 

59 
92 

92 
96 

155 
282 

248 
499 

22 
21 

223 

288 

22 
46 

209 

268 

94 
162 

369 

458 

122 

206 

247 
225 

610 

883 

1,493 
1.948 

9-1.:...- 

11 

0 

5 

1 

7 

4 
7 
2 

45 

1 
4 
2 

134 

20 
25 
11 

54 

20 
19 

7 

62 

4 

14 

1 

148 

24 
60 
3 

64 

111 
36 

1 

525 

184 
170 
28 

17 

20 

52 

190 

100 

81 

235 

212 

907 

Brown-Spotted 

Brown-Spotted    with 
Washington  sections. 
Normal  Washington. . 
Ribbed  Washington... 

Total 

9-2 

44 

0 
0 
0 

17 

17 
2 
0 

50 

6 

7 
0 

268 

20 
2 
1 

16 
0 

53 

13 
0 
0 

169 

42 
4 
0 

43 

45 
0 
0 

660 

195 
16 

1 

44 

36 

63 

291 

69 

66 

?15 

88 

872 

Normal  Washington. . 

7-27 

7-28 

n 

98 
91 

27 

78 

532 

355 

249 
131 

316 
154 

630 
416 

163 
143 

2,028 
1,369 

The  two  Brown-Spotted  progeny  trees  from  the  limb  variation  in 
a  Thomson  tree  have  borne  Brown-Spotted  fruits  exclusively  during 
this  performance-record  period,  indicating  an  inherent  stability  in 
this  respect  which  has  been  transmitted  through  bud  propagation. 

The  yields  of  the  progeny  trees  of  the  Thomson  strain  which  were 
propagated  from  a  normal  branch  of  the  parent  tree  having  the  Brown- 
Spotted  limb  variation  have  been  much  heavier  than  those  of  the 
comparative  Brown-Spotted  strain,  being  1,493  and  1,948  oranges, 
respectively,  whereas  the  Brown-Spotted  trees  have  borne  only  510 
and  883  fruits,  respectively,  during  the  8-year  performance-record 
period. 

In  the  performance  records  of  the  two  progeny  trees  of  the  Brown- 
Spotted  strain  grown  from  the  Umb  variation  in  a  Washington  strain 
tree  the  yields  have  been  classified  according  to  fruit  characteristics 
and  include  those  which  were  typically  brown  spotted,  those  brown 
spotted  with  sections  resembhng  typical  Washington  fruits,  normal 
Washington  fruits,  and  Washington  fruits  having  a  distinctly  ribbed 
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appearance.  No  instance  has  been  found  where  a  brown  spot  has 
developed  on  the  normal-appearing  sections  of  these  fruits.  Even 
when  a  spot  appears  very  close  to  a  section  of  normal  rind  it  does  not 
spread  into  it.  Fruits  showing  this  condition  are  included  in  Figure 
21.  The  brown-spotted  fruits  make  up  the  bulk  of  the  crops  from 
these  trees,  and  the  other  classes  have  been  produced  by  branch 
variations,  those  bearing  the  Washington-strain  oranges  being  appar- 
ent reversions  to  the  type  of  the  parent  tree.  The  total  production 
of  the  two  Brown-Spotted  progeny  trees  for  the  8-year  performance- 
record  period  has  been  907  and  872  oranges,  respectively,  whereas 
that  of  the  comparative  progeny  trees  of  the  Washington  strain  has 
been  2,028  and  1,369  fruits,  respectively.  The  parent  limb  from 
which  these  two  Brown-Spotted  progeny  trees  were  propagated  has 
given  quite  variable  production,  similar  to  that  of  the  progeny  tree, 
which  condition  indicates  an  inherent  instability  that  has  been  per- 
petuated through  bud  propagation. 

The  relatively  low  yields  of  the  four  progeny  trees  of  the  Brown- 
Spotted  strain  as  compared  with  the  heavier  production  of  the 
progeny  trees  of  the  Normal  Washington  and  Thomson  strains  indicate 
that  the  trees  of  the  Brown-Spotted  strain  are  inherently  less  productive 
than  normal,  comparable  trees.  The  fruit  characteristics — including 
size,  shape,  color,  spotting,  and  early  maturity — have  been  perpetuated, 
except  that  in  the  Brown-Spotted  progeny  trees  from  the  limb  varia- 
tion in  the  parent  tree  of  the  Washington  strain  apparent  reversions 
showing  as  part  or  entire  fruits  have  been  found,  which  have  been 
produced  by  particular  branches  or  limbs  in  these  Brown-Spotted 
trees.  The  foliage  characteristics  of  the  progeny  trees  of  the  Brown- 
Spotted  strain  have  been  similar  to  those  of  the  parent-limb  varia- 
tions from  which  they  were  propagated. 

YELLOW   STRAINS 

The  term  ''Yellow"  has  been  applied  to  certain  strains  of  the 
Washington  Navel  orange  on  account  of  the  light-yellow  color  of 
their  fruits,  as  compared  with  the  reddish  yellow  or  orange  color  of 
the  normal  fruits.  They  have  been  found  as  limb  variations  in  trees 
of  both  the  Washington  and  Thomson  strains  and  occur  as  single- 
fruit,  limb,  and  entire-tree  variations  in  established  orchards  of  those 
strains. 

The  trees  of  the  Yellow  strains  have  a  somewhat  erect  habit  of 
growth,  and  the  foliage  is  rather  sparse.  The  leaves  are  smaller, 
more  pointed,  and  hghter  green  than  those  of  Washington  or  Thom- 
son trees. 

The  fruits  of  these  strains  differ  in  appearance  from  those  of  the 
Washington  or  Thomson  strains  mainly  in  color.  They  have  a  light- 
yellow  color  with  occasional  characteristic  small  red  stripes  or  spots. 
The  fruits  tend  to  mature  somewhat  earliej-,  the  juice  is  sUghtly  less 
acid,  and  the  flesh  is  of  lighter  color  than  that  of  the  comparative 
Washington  and  Thomson  fruits.  In  Yellow  Thomson  fruits  the  rag 
is  usually  more  abundant  than  in  the  normal  Thomson  fruits.  No 
illustration  of  the  Yellow  strain  is  presented,  because  it  is  impossible 
to  show  the  color  variation. 

The  performance  records  of  a  number  of  Yellow  strain  trees  which 
were  propagated  from  limb  and  tree  variations  and  of  comparable 
Washington  and  Thomson  progeny  trees  are  shown  in  Table  12. 
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Table  12. — Records  of  annual  production  of  progeny  trees  propagated  from  limb 
and  tree  variations  of  the  Yellow  Thomson  strains  of  the  Washington  Navel  orange 
compared  with  records  of  trees  propagated  from  normal  Thomson  and  Washington 
limbs 

[The  first  17  progeny  trees  were  planted  in  July,  1917,  and  the  last  9  in  May,  1919] 


Progeny 
tree 
No. 


7-37. 
7-38. 
7-41. 


8-23 

8-24 

8-35 

8-36 

8-37 

8-38 

8-51 

8-52 

8-49 

8-50 

9-23 

9-24 

9-25 

9-26 

31-1 

31-2 

31-3 

31-9 

31-10..-. 
31-29.-.. 
31-30.... 
31-17.... 

31-28.. _. 


Source  of  buds 


20 

}40 
}50 
}50 

jeo 
Jeo 

}- 

}s, 
[209 

}211 

}208 
202 

204 


Limb 


f  Yellow   limb   variation 
I    in  Thomson  tree. 
Normal  Thomson  limb 
in  same  tree  as  above. 
fYellow   limb   variation 
\    in  Thomson  tree. 

do._ 


("Normal  Thomson  limb 
\    in  same  tree  as  above. 
fYellow   limb   variation 
\    in  Thomson  tree. 
fNormal  Thomson  limb 
\    in  same  tree  as  above. 
fYellow   limb   variation 
I    in  Thomson  tree. 
JNormal  Thomson  hnib 
\    in  same  tree  as  above. 
fYellow         Washington 
1    strain  tree. 

do 


fYellow        Washington 
\    strain  tree. 
Normal       Washington 

strain  tree. 
do 


Fruits  produced  by  progeny  trees 


Character 


I  Yellow  Thom- 
I    son. 
Thomson 


Yellow  Thom- 
son. 

....do 


[Thomson 

I  Yellow  Thom- 
I    son. 

[Thomson 

I  Yellow  Thom- 
I    sou. 

[Thomson 

I  Yellow  Wash- 
(    ington. 

do 


■ do 

Washington. 

do 


Number 


70 
53 

74 

34 
25 
62 
26 
63 
55 
36 
43 
112 
44 
67 
3  43 
105 
121 
25 
53 
14 
17 
26 
26 
25 
29 

11 


258 
183 
453 

82 

148 

263 

110 

191 

177 

97 

126 

374 

184 

354 

168 

258 

249 

75 

67 

43 

52 

51 

67 

80 

64 


183 
108 
325 

32 
75 
140 
33 
208 
45 
35 
26 
277 
!198 
127 
41 
80 
117 
82 
80 
105 
120 
148 
105 
158 
148 


257 
142 


1  50 
133 
232 

98 
190 

2  103 

92 
122 
255 
172 
278 

51 
5  238 
147 
225 
192 
250 
188 
123 
102 
108 
228 


296 
171 
405 

152 
230 
396 
163 
341 
308 
151 
194 
505 
345 
594 
249 
599 
306 
201 
203 
269 
279 
255 
210 
186 
306 

283 


1,477 

968 

1,816 

475 

843 

1,459 

554 

1,393 

913 

573 

765 

1,984 

1,358 

1,766 

814 

1,626 

1,219 

693 

650 

771 

743 


618 
900 


810 


1  The  average  8-year  production  of  10  yellow  strain  Thomson  trees  was  969  fruits  and  that  of  7  normal 
Thomson  trees  was  1,458  fruits.  The  average  6-year  production  of  7  yellow  strain  Washington  trees 
was  679  fruits,  while  that  of  2  normal  Washington  trees  was  855  fruits. 

2  Includes  1  fruit  with  yellow  section. 

3  Includes  1  fruit  of  the  Washington  strain. 
*  Includes  4  fruits  with  yellow  sections. 

« Includes  1  fruit  of  the  Yellow  Thomson  strain  and  3  with  yellow  sections. 

The  10  trees  of  the  Yellow  Thomson  strain  have  produced  an  aver- 
age of  969  fruits,  while  the  7  comparative  Thomson  trees  have  borne 
an  average  of  1,458  oranges  for  the  8-year  period.  The  7  progeny- 
trees  of  the  Yellow  Washington  strain  were  planted  in  1919,  two 
years  after  the  Thomson  trees,  and  they  have  produced  an  average 
of  679  fruits  per  tree  for  the  6-year  period  since  they  came  into 
bearing.  The  two  comparable  trees  of  the  Washington  strain  have 
produced  an  average  of  855  fruits  during  this  same  6-year  period. 

These  results,  indicating  that  the  trees  of  the  Yellow  strain  are  not 
as  productive  as  those  of  the-normal  Thomson  or  Washington  strains, 
are  in  accord  with  commercial  orchard  experience.  Some  of  the 
pioneer  Washington  Navel  orange  growers  in  southern  California 
propagated  Yellow-strain  limb  variations  and  planted  small  orchards 
to  this  strain  on  account  of  the  early  ripening  of  the  fruits  and  their 
characteristic  color.  Individual-tree  performance  records  in  some  of 
these  plantings  revealed  the  relative  unproductiveness  of  the  trees, 
and  because  market  experience  proved  the  light-yellow  color  to  be 
detrimental  rather  than  advantageous,  the  Yellow-strain  trees  have 
been  largely  top-worked  to  the  normal  Washington  strain  during 
recent  years. 
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The  performance  records  of  the  progeny  trees  of  the  Yellow  strain 
show  that  these  trees  have  produced  with  one  exception  only  typical 
Yellow-strain  fruits,  similar  to  those  borne  by  the  parent-limb  varia- 
tions, and  that  the  Thomson  and  Washington  strains  have  produced 
normal  fruits  with  only  10  variations.  The  fruit  and  foliage  charac- 
teristics of  the  parent-limb  variations  have  been  strongly  transmitted 
through  bud  propagation,  and  these  records  suggest  the  origin  of  the 
Yellow  strains  from  limb  variations. 

GOLDEN  BUCKEYE  STRAIN 

In  the  early  study  of  the  variations  of  the  Washington  Navel 
orange,  the  Golden  Nugget  and  Golden  Buckeye  fruits  were  con- 
sidered to  be  identical.  The  subsequent  studies  of  the  fruits  of  the 
progeny  trees  which  were  propagated  from  these  bud  variations  have 
shown  that  the  Golden  Buckeye  oranges  are  distinguished  from  the 
Golden  Nugget  fruits  by  characteristic  reddish-orange  streaks,  ridges, 
and  other  markings,  so  that  these  variations  are  now  classified  as 
separate  strains. 

The  name  Golden  Buckeye  was  given  to  this  strain  by  one  of  the 
pioneer  citrus  nurserymen  of  southern  California.  It  was  grown 
commercially  to  a  very  limited  extent  several  years  ago,  but  its 
propagation  was  soon  abandoned,  and  orchard  trees  of  this  strain 
were  subsequently  top-worked. 

The  trees  of  the  Golden  Buckeye  strain  resemble  those  of  the 
Thomson  strain,  but  are  likely  to  be  somewhat  smaller  in  size  and 
more  dense  in  habit  of  growth.  They  are  very  similar  to  the  trees 
of  the  Golden  Nugget  strain.  The  fruits  are  usually  somew^hat 
elliptical  in  shape,  medium  to  large  in  size,  and  tend  to  early  maturity. 
The  rinds  are  of  medium  thickness,  yellowish  orange  in  color,  and 
have  occasionally  irregular  ridges  of  varying  size  which  are  usually 
reddish  orange  in  color.  The  rag  is  coarse  and  very  abundant,  the 
juice  is  deficient  in  quantity  and  lacking  in  distinctive  flavor.  The 
fruits  are  seedless  and  normally  have  small  or  rudimentary  navels 
with  the  navel  openings  nearly  or  entirely  closed.  The  Golden 
Buckeye  oranges  have  a  peculiar  appearance,  due  to  the  relatively 
few  oil  cells  in  the  rinds,  their  light  yellowish  orange  color,  and  the 
prominent  reddish  color  of  the  ridges,  raised  sections,  or  knoblike 
projections  on  the  rinds.  The  fruits  are  likely  to  be  variable  in 
shape,  size,  and  other  characteristics  on  different  trees  or  on  the 
individual  branches  of  the  same  tree.  Figure  22  shows  typical  fruits 
of  this  strain. 

Table  13  shows  the  performance  records  of  two  progeny  trees  which 
were  propagated  from  a  limb  variation  of  the  Golden  Buckeye  strain 
in  a  Thomson  strain  parent  tree.  The  parent  tree  w  as  quite  variable, 
having  in  addition  to  the  Golden  Buckeye  limb  a  Washington  strain 
Umb  and  a  hmb  bearing  corrugated  fruits.  In  this  table,  performance 
records  are  included  for  a  Thomson  strain  progeny  tree  which  was 
propagated  from  a  normal  limb  of  the  parent  tree  and  of  two  Washing- 
ton strain  progeny  trees  which  were  propagated  from  the  Washington 
strain  limb  variation  in  the  same  parent  tree.  The  performance 
records  of  the  progeny  trees  from  the  Corrugated  strain  limb  variation 
in  this  same  parent  tree  are  shown  in  Table  16. 
41519°— 29 3 
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Table  13. — Records  of  annual  production  of  progeny  trees  propagated  from  a  limb 
variation  of  the  Golden  Buckeye  strain  in  a  tree  of  the  Thomson  strain  of  the  Washing- 
.  ton  Navel  orange  compared  with  records  of  trees  propagated  from  a  normal  Thomson 
limb  and  from  a  typical  Washington  Navel  limb  in  the  same  parent  tree 


[All  these  progeny  trees  were 

planted  in  July,  191 

7] 

Source  of  buds  in  Thom- 
son tree  No.  16  i 

Fruits  produced  by  progeny  trees 

Progeny 
tree 
No. 

Character 

Number 

1 

1 
1 

^ 

^ 

05 

8 

^ 

§5 
1 

1 

7-33 

Golden  Buckeye  limb  vari- 
ation in  Thomson  tree. 

do 

Normal  Thomson  limb 

IWashington    limb    varia- 
/    tion. 

(■Golden     Buck- 
eye. 

Washington 

Thomson 

Golden     Buck- 
eye and  Wash- 
ington   sec- 
tions. 2 

Total 

Golden     Buck- 
eye. 

Washington 

Thomson 

Golden     Buck- 
eye and  Wash- 
ington   sec- 
tions.2 

Total 

Thomson 

[•Washington 

20 

0 
0 
0 

114 

0 
0 
0 

60 

0 
0 
0 

216 

0 
0 
0 

151 

3 
4 
0 

177 

4 
5 
10 

241 

10 
4 
0 

182 

5 
0 
0 

1,161 

22 
13 
10 

20 

25 

0 
0 
0 

114 

60 

216 

158 

196 

255 

187 

1,206 

7-34 

101 

0 
0 
0 

59 

0 
0 
0 

259 

0 
0 
0 

209 

6 
2 
3 

203 

4 
2 
13 

309 
3 

? 

237 

3  10 

0 
3 

1,402 

23 
4 
20 

25 

101 

59 

259 

220 

222 

313 

250 

1,449 

7-35 

7-31 

7-32 

18 
r  15 
(25 

76 
95 
140 

73 
98 
104 

247 
277 
253 

215 
179 
243 

235 
249 

278 

338 
539 
552 

201 
252 
192 

1,403 

1,704 
1,787 

1  This  tree  also  had  a  limb  bearing  corrugated  fruits,  and  records  of  progeny  trees  propagated  from  it  are 
included  in  Table  16. 

2  Golden  Buckeye  and  Washington  sections  on  the  same- fruits. 

3  Including  two  fruits  of  the  Yellow  Washington  strain. 


Figure  22.— Fruits  of  the  Golden  Buckeye  strain  of  the  Washington  Navel  orange  produced  by 
progeny  tree  7-33,  as  listed  in  Table  13,  which  was  propagated  from  a  similar  limb  variation. 
Riverside,  Calif.,  January,  1923 

It  will  be  seen  in  Table  13  that  while  the  progeny  trees  of  the 
Golden  Buckeye  strain  produced  mainly  fruits  of  this  strain,  during 
the  latter  part  of  the  performance-record  period  they  have  also  borne 
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a  few  Washington  and  Thomson  strain  fruits,  together  with  Golden 
Buckeye  oranges  having  typical  Washington  sections  in  the  same 
fruits.  The  progeny  trees  of  the  Thomson  and  Washington  strains 
have  produced  only  fruits  typical  of  these  strains  during  the  perform- 
ance-record period. 

These  performance  records  indicate  a  condition  of  inherent  in- 
stability in  the  trees  of  the  Golden  Buckeye  strain.  The  yield  data 
also  indicate  the  relative  productiveness  of  comparable  trees  of  the 
strain,  as  shown  through  their  performance  records,  which  are  cor- 
roborated by  commercial  orchard  experience,  the  trees  of  the  Golden 
Buckeye  strain  producing  the  least  and  those  of  the  Washington 
strain  the  most  fruit.  The  market  value  of  the  fruits  of  these  strains 
is  greatest  for  those  of  the  Washington  strain,  with  the  Thomson 
fruits  somewhat  less  valuable,  and  those  of  the  Golden  Buckeye  of 
little  or  no  value  from  the  economic  standpoint. 

The  performance  records  shown  in  Table  13  and  additional  observa- 
tions of  the  foliage  characters  of  the  trees  show  that  the  chai:acteristics 


Figure  23.— Fruits  of  the  Golden  Nugget  strain  of  the  Wasliington  Navel  orange  produced  by 
progeny  tree  9-38,  listed  in  Table  14,  which  was  propagated  from  a  similar  limb  variation. 
Riverside,  Calif.,  January,  1925 

of  the  limb  variations  as  well  as  the  normal  have  been  perpetuated 
through  bud  propagation.  They  also  indicate  the  origin  of  the  Golden 
Buckeye  strain  from  limb  variations  in  Thomson  strain  trees. 

GOLDEN   NUGGET  STRAIN 

In  these  studies  a  few  Washington  and  many  Thomson  strain 
trees  which  bear  individual  oranges  of  the  Golden  Nugget  strain  have 
been  found,  and  occasional  limbs  in  such  trees  which  have  typical 
leaves  and  fruits  of  the  same  strain  have  been  discovered.  In  the 
early  days  of  the  development  of  the  Washington  Navel  orange 
industry  in  the  Southwest  Golden  Nugget  hmb  variations  were  prop- 
agated commercially  to  a  limited  extent,  but  the  resulting  trees 
have  largely  been  top-worked  during  recent  years  with  buds  obtained 
from  Washington  strain  trees. 

Trees  of  the  Golden  Nugget  strain  have  a  characteristic  appearance, 
the  branches  having  a  pecuhar  drooping  habit  of  growth  and  the 
rather  dense  foliage  being  of  a  light  olive-green  color.  They  grow 
less  vigorously  than  trees  of  the  Washington  or  Thomson  strain,  so 
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that  under  comparable  conditions  the  Golden  Nugget  trees  appear  to 
be  somewhat  dwarfed. 

The  fruits  of  the  Golden  Nugget  strain  are  usually  of  medium  to 
large  size  and  elliptical  or  pyriform  in  shape.  They  are  light  yellow 
in  color,  have  few  oil  cells,  and  the  texture  of  the  rind  is  exceptionally 
smooth.  The  rag  is  coarse  and  tough,  as  in  the  Thomson  oranges, 
and  the  juice  is  abundant  and  of  a  distinctive  flavor.  The  fruits  are 
seedless  and  have  very  small  or  rudimentary  navels  as  a  rule,  with 
navel  openings  that  are  oftentimes  nearly  or  entirely  closed.  Figure 
23  shows  typical  fruits  of  this  strain. 

The  performance  records  of  trees  of  the  Golden  Nugget  strain 
which  were  propagated  from  typical  variations  in  otherwise  normal 
Thomson  trees  are  shown  in  Table  14,  together  with  the  records  of 
Thomson  trees  which  were  propagated  from  normal  branches  of  the 
same  parent  trees  and  the  record  of  a  Golden  Nugget  progeny  tree 
which  was  propagated  from  a  Golden  Nugget  tree  found  in  a  Thomson 
orchard. 


Table  14. — Records  of  annual  production  of  progeny  trees  from  limb  and  tree 
variations  of  the  Golden  Nugget  strain  of  the  Washington  Navel  orange  compared 
with  records  of  trees  propagated  from  normal  limbs  of  two  of  the  same  parent 
trees 

[The  first  four  progeny  trees  listed  below  were  planted  in  July,  1917,  and  the  others  in  May,  1919] 


Source  of  buds 

Fruits  produced  by  progeny  trees 

Progeny 
tree 

No. 

o 
1 

Limb 

Character 

Number 

M 

^ 

7 

^ 

1 

^ 

? 

1 

9-37 

9-38-.... 

9-39 

9-41 

31-13—. 
31-14...- 

31-31-— 
31-32.... 

31-25.... 
31-26.— 
31-27.... 

99 

101 

}200 

}200 

I2OO 

[Golden     Nugget    limb 

<  variation  in  Thomson 
[    tree. 

Normal  Thomson  limb 
in  same  tree  as  above. 

Golden  Nugget  tree 

Golden  Nugget  limb 
\  variation  in  Thomson 
tree. 

Second  Golden  Nugget 

<  limb  in  same  tree  as 
t    above. 

/Normal  Thomson  limb 
\    in  same  tree  as  above. 

ioolden  Nugget 

Thomson 

Golden  Nugget, 
•....do 

.-..do 

Thomson 

f20 

U5 

9 

22 

\— 
{::: 

66 
24 

38 

14 

0 
0 

1 
0 

2 
3 

8 

45 
44 

47 

35 

5 
4 

3 

7 

12 
13 

24 

147 
202 

227 

279 

65 
30 

50 

48 

68 
34 
151 

75 
96 

103 

168 

169 
158 

123 
126 

168 
149 
193 

92 
122 

153 

207 

112 
133 

76 
55 

121 
153 
208 

217 
160 

231 

319 

137 
175 

239 
159 

215 
312 
342 

61 

34 

109 

160 

49 

81 

30 

44 

203 
145 
65 

723 
697 

917 

1,204 

535 
581 

522 
439 

789 
809 
991 

The  progeny  trees  of  the  Golden  Nugget  limb  variations  have 
produced  typical  Golden  Nugget  fruits  throughout  the  performance- 
record  period,  and  the  Thomson  trees  propagated  from  the  same 
parent  trees  have  consistently  borne  typical  Thomson  fruits.  The 
Golden  Nugget  trees  have  not  produced  as  much  fruit  as  the  compar- 
able Thomson  trees,  but  the  progeny  tree  of  the  productive  Golden 
Nugget  parent  tree  has  borne  more  oranges  than  the  three  other 
comparable  progeny  trees  which  were  planted  at  the  same  time. 

On  account  of  their  light  color  and  the  abundance  of  rag  in  the 
fruits,  the  Golden  Nugget  strain  is  not  a  desirable  one  for  commercial 
propagation  in  the  established  citrus  districts  of  the  Southwest,  and 
the  presence  of  occasional  trees  of  this  strain  in  existing  navel-orange 
orchards  reduces  the  value  of  the  crops  produced  by  those  orchards. 
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However,  the  striking  characteristics  of  the  fruits  and  foUage  of  this 
strain  make  it  an  important  one  in  the  study  of  the  origin  and 
development  of  strains  from  bud  variations. 

DUAL  STRAIN 

The  fohage  characteristics  of  the  Dual  strain  trees  are  so  similar  to 
those  of  the  Washington  strain  trees  that  it  has  not  been  possible  to 
distinguish  them  so  far  as  these  studies  have  gone.  The  habits  of 
growth  of  the  trees  and  the  size,  shape,  and  color  of  the  leaves  and 
the  blossoms  of  the  Dual  strain  trees  are  almost  if  not  entirely 
identical  with  those  of  the  trees  of  the  Washington  strain. 

The  fruits  borne  by  the  Dual  strain  trees  present  a  peculiar  appear- 
ance in  that  the  rinds  of  some  of  the  oranges  are  smooth  and  thin 


Figure  24.— Fruits  of  the  Dual  strain  of  the  Washington  Navel  orange  produced  by  the  limb 
variation  from  which  the  trees  listed  in  Table  15  were  propagated.    Corona,  Calif.,  January, 

at  the  blossom  ends  and  rougher  and  thicker  at  the  stem  ends,  whereas 
in  others  this  arrangement  is  reversed.  On  other  fruits  a  smooth 
area  forms  a  band  around  the  middle  zone  of  the  oranges,  the  remain- 
der of  the  surface  being  rougher,  while  in  still  other  instances  smooth 
areas  occur  as  irregular  patches  at  various  points  on  the  surface, 
often  near  the  stem  end  of  the  fruits.  In  some  instances  the  rinds 
are  entirely  smooth;  in  others  they  are  wholly  rough.  The  smooth 
areas  resemble  the  rinds  of  the  Thomson  fruits,  whereas  the  rougher 
areas  have  the  appearance  of  Washington  fruits.  This  condition  has 
led  to  the  belief  that  the  Dual  strain  oranges  may  be  a  type  of 
periclinal  chimera.     Fruits  of  this  strain  are  shown  in  Figure  24. 

Dual  strain  limb  variations  in  a  Washington  strain  tree  were  found 
by  the  senior  writer  in  the  spring  of  1910  in  a  7-year-old  Washington 
Navel  orchard  near  Corona,  Calif.,  while  the  remaining  branches  bore 
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largely  Washington  strain  fruits  together  with  a  few  typical  Thomson 
strain  oranges.  The  Dual  strain  limb  variations  have  borne  fruits 
of  this  strain  and  those  typical  of  the  Washington  and  Thomson 
strains  each  year  since  they  have  been  under  observation,  but  there 
has  been  no  segregation  of  these  fruits  on  the  different  branches  of 
the  limbs  so  far  as  observed. 

The  performance  records  of  three  progeny  trees  of  the  Dual  limb 
variation  and  the  comparative  records  of  two  progeny  trees  of  the 
Washington  strain  are  shown  in  Table  15. 

Table  15. — Records  of  annual  production  of  progeny  trees  propagated  from  limb 
variations  of  the  Dual  strain  found  in  a  Washington  Navel  orange  tree  compared 
with  records  of  trees  propagated  from  a  normal  Washington  Navel  tree 


Source  of  buds 

Fruits  produced  by  progeny  trees 

Progeny 
tree  No. 

Character 

Number 

^ 

?3 

1 

1 

7 

7 

1 

1 

1 

1 

9-15 

Dual  limb  variations  in  Wash- 
ington Navel  tree  No.  75. 

do 

[Dual 

Washington. 
■(Thomson 

I       Total.  _- 

[Dual 

Washington. 
-(Thomson 

I       Total... 

[Dual 

Washington. 
•1  Thomson 

I       Total,  _. 
[Washington- 

6 
0 
0 

11 
26 
0 

14 
32 
29 

27 
110 
22 

1 

31 

2 

3 

115 
18 

46 

223 

14 

5 

40 

3 

m 

677 
88. 

6 

37 

75 

159 

34 

136 

283 

48 

778 

9-16 

3 
2 
6 

14 
6 
3 

18 
14 
0 

62 
26 
22 

0 
0 
0 

60 
58 
11 

84 

216 

17 

14 
37 
0 

255 

359 

59 

do                  

11 

23 



32 

110 

0 

129 

317 

51 

673 

9-17 

1 
1 
0 

5 
5 
0 

23 
11 
0 

119 
14 
0 

12 
8 
1 

25 
26 

8 

87 
82 
11 

16 
17 
2 

288 
164 
22 

\Normal  Washington  Navel  tree 
J    No.  78. 

2 

10 

34 

133 

21 

59 

180 

35 

474 

9-21 

9-22 

ri2 

128 

54 
76 

116 
141 

457 
490 

169 
207 

324 

387 

653 
531 

190 
199 

1,975 
2, 059 

The  progeny  trees  of  the  Dual  strain  have  produced  total  yields  of 
778,  673,  and  474  oranges,  respectively,  whereas  the  comparable 
Washington  strain  trees  have  borne  total  crops  of  1,975  and  2,059 
oranges  for  the  8-year  performance-record  period,  indicating  that  the 
Dual  strain  trees  are  much  less  productive  than  those  of  the  Wash- 
ington strain. 

The  fruits  borne  by  the  Dual  strain  progeny  trees  have  been 
classified  as  Dual,  Washington,  and  Thomson  strain  oranges,  and 
the  proportion  of  crop  of  these  strains  has  varied  in  the  individual 
trees.  These  data  indicate  that  the  variable  or  unstable  condition 
of  the  parent-limb  variation  has  been  transmitted  to  the  progeny 
trees  in  varying  degrees,  possibly  as  a  result  of  the  particular  character 
of  the  bud  used  in  the  propagation  of  each  tree.  From  the  com- 
mercial point  of  view  the  comparatively  low  yields  and  the  variable 
nature  of  the  crops  produced  by  the  Dual  strain  trees  render  them 
undesirable  for  propagation  under  existing  orchard  conditions,  and 
their  accidental  propagation  through  lack  of  careful  bud  selection  is 
detrimental  to  profitable  orange  culture. 
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CORRUGATED  STRAIN 

The  trees  of  the  Corrugated  strain  observed  in  these  investigations 
resemble  closely  those  of  the  Thomson  strain  in  quantity  of  produc- 
tion, habit  of  growth,  and  foliage  characteristics. 

The  fruits  are  very  different  in  appearance  from  those  of  the  other 
Washington  Navel  strains,  being  prominently  ridged  or  corrugated, 
as  indicated  by  the  name  of  the  strain.  The  rind  is  of  medium 
thickness  and  the  color  a  deep  orange.  The  rag  is  tender  and  small 
in  quantity,  and  the  juice  is  abundant  and  of  fair  quahty.  The 
fruits  are  seedless,  and  the  navels  are  small  to  medium  in  size,  as 
shown  in  Figure  25. 

Trees,  limb  variations,  and  individual  fruits  of  the  Corrugated 
strain  are  of  rather  frequent  occurrence  in  some  navel-orange  orchards 


Figure  25.— Fruits  of  the  Corrugated  strain  of  the  Washington  Navel  orange  produced  by  progeny 
tree  29-43,  listed  in  Table  16,  which  was  propagated  from  a  similar  limb  variation.  Riverside, 
Calif.,  April,  1927 

of  the  Southwest.  Because  the  peculiar  and  prominent  markings  of 
the  fruits  make  them  easily  identified,  the  strain  has  been  an  interest- 
ing one  in  the  study  of  the  origin  and  development  of  strains  from 
bud  variations. 

The  performance  records  of  progeny  trees  from  Corrugated  limb 
variations  in  two  Thomson  trees  with  those  of  progeny  trees  which 
were  propagated  from  normal  branches  of  the  same  parent  trees  are 
shown  in  Table  16. 

The  parent  Corrugated  limb  variations  produced  both  Corrugated 
and  normal  Thomson  fruits  in  both  parent  trees.  This  characteristic 
has  been  perpetuated  in  all  of  the  progeny  trees,  but  one  of  the 
progeny  trees  of  the  Corrugated  strain  has  produced  a  much  larger 
proportion  of  Corrugated  fruits  in  its  crops  than  the  other  one. 
This  condition  indicates  that  the  two  buds  used  for  the  propagation 
of  these  two  trees  varied  in  their  inherent  tendencies  with  respect  to 
the  corrugated  character  of  the  fruits.  The  second  set  of  two  progeny 
trees  of  the  Corrugated  strain  which  were  propagated  from  another 
Thomson  parent  tree  and  planted  one  year  later  than  the  first  set  have 
produced  a  larger  proportion  of  normal  Thomson  fruits  than  the  first 
set,  indicating  that  the  inherent  tendency  for  the  production  of  normal 
fruits  by  these  trees  is  relatively  stronger  than  in  the  case  of  the 
first  set. 
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Table  16. — Records  of  annual  production  of  progeny  trees  propagated  from  limb 
variations  of  the  Corrugated  strain  in  trees  of  the  Thomson  strain  of  the  Wash- 
ington Navel  orange  compared  with  records  of  trees  propagated  from  the  normal 
portion  of  the  same  parent  trees 


[Trees  Nos.  7-29  and  7-35  were  planted  in  1917,  trees  29-42  and  29-43  were  planted  in  1918,  and  trees  31-35 

and  31-36  were  planted  in  1921] 

d 

1 

Source  of  buds 

Fruits  produced  by  progeny  trees 

1 

Limb 

Character 

Number 

i 

cs 

7 
1 

7 

7 

? 

1 

1 

"3 
o 

16 

16 

16 
244 

244 

}  244 

[Corrugated    limb 
<    variation  in  Thom- 
[    son  tree. 

do... 

Normal    Thomson 
limb. 

[Corrugated    limb 
\    variation  in  Thom- 
l    son  tree. 

do 

/Normal    Thomson 
\    limb. 

f  Corrugated 

1 

2 

11 

14 

83 
16 

133 

87 

138 
38 

24 
22 

76 
41 

8 
11 

374 

JThomson 

231 

7-29 

1           Total 

3 

1 
0 

25 

21 
0 

99 

220 

»76 

46 

117 

19 

605 

117 
2 

345 
61 

1230 
5 

154 
0 

260 
0 

39 
9 

1  167 

7-30 

J  Thomson 

77 

1           Total 

1 
18 

21 
76 

I 

119 

406 

1235 

154 

260 

48 

1  244 

Normal  Thomson 
[Corrugated _ 

7-35 

73 

247 

215 

235 

4 
72 

338 

201 

2 
40 

1,403 

1 
17 

2 

17 

24 
125 

43 

Thomson 

299 

29-42 

Total 

4 

18 

34 

19 

76 

149 

42 

342 

= 

8 
0 

7 
4 

12 
15 

23 
16 

45 
31 

92 
133 

51 

85 

238 

29-43 

Thomson  . 

284 

Total 

8 

11 

27 

39 

1 
2 

76 

4 

28 

225 

136 

.1 

522 

r 

31-35..-. 

35 
56 

44 

31-36.. 

101 

• 

1  Includes  one  fruit  that  was  part  Corrugated  and  part  normal. 

The  Corrugated  strain  fruits  are  almost  wholly  worthless  for  com- 
mercial purposes,  and  the  unintentional  propagation  of  trees  of  it 
has  been  the  cause  of  loss  to  the  Washington  Navel  growers  in  the 
Southwest  in  the  past.  Not  a  single  tree  of  this  strain  has  been  found 
in  the  large  number  of  orchards  studied  which  have  been  propagated 
from  carefully  selected  parent  trees  during  recent  years.  This  ex- 
perience furnishes  additional  proof  of  the  importance  of  the  use  of 
systematic  bud-selection  practices  in  order  to  avoid  the  unintentional 
propagation  of  undesirable  strains. 

RIBBED   STRAIN 

The  name  Ribbed  was  applied  to  this  strain  of  the  Washington 
Navel  orange  on  account  of  the  peculiarly  ribbed  or  deeply  creased 
appearance  of  the  fruits  borne  by  the  trees  of  this  strain.  Trees, 
limb  variations,  and  individual  fruits  of  this  strain  have  been  observed 
in  nearly  all  of  the  Washington  Navel  orchards  studied  in  the  South- 
west. 

The  trees  of  the  Ribbed  strain  have  an  appearance  similar  to  those 
of  the  Washington  strain  except  that  they  usually  have  a  somewhat 
more  open,  drooping,  and  finelj?^  branched  habit  of  growth.  The 
foliage  of  the  Ribbed  strain  trees  is  normally  less  dense  than  that  of 
the  Washington  strain  trees,  and  the  leaves,  as  a  rule,  are  more  sharply 
pointed. 
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The  fruits  of  the  Ribbed  strain,  as  shown  in  Figure  26,  are  usually 
somewhat  pyriform,  with  a  tendency  to  flattened  stem  and  blossom 
ends,  and  medium  to  small  in  size.  The  rind  has  a  dull-orange  color 
and  is  of  medium  thickness,  has  a  strikingly  ribbed  appearance,  and 
is  normally  of  smooth  texture.  The  rag  is  tender  and  small  in  quan- 
tity, and  the  juice  is  fairly  abundant  but  of  poor  flavor.  The  fruits 
are  seedless,  and  the  navels  and  navel  openings  are  usually  small. 

The  performance  records  of  seven  Ribbed  progeny  trees  which  were 
propagated  from  limb  variations  in  four  otherwise  normal  trees  of 
the  Thomson  strain  are  shown  in  Table  17.  The  records  of  progeny 
trees  which  were  propagated  from  normal  branches  of  two  of  the  same 
parent  trees  are  also  included  for  comparison. 


Figure  26.— Fruits  of  the  Ribbed  strain  of  the  Washington  Navel  orange  produced  by  progeny  tree 
9-27,  listed  in  Table  17,  which  was  propagated  from  a  similar  limb  variation.  Riverside,  Calif., 
January,  1923 


Table  17. — -Records  of  annual  production  of  progeny  trees  propagated  from  limb 
variations  of  the  Ribbed  strain  found  in  trees  of  the  Thomson  strain  of  the  Wash- 
ington Navel  orange  compared  with  records  of  trees  propagated  from  normal 
limbs  of  two  of  the  same  parent  trees 


[The  first  eight  trees  were  planted  in  July,  1917,  and  the  other  three  in  May,  1919] 

1" 

1 

Source  of  buds 

Frults  produced  by  progeny  trees 

-J. 

Limb 

Character 

Number 

& 

?J 

§J 

?5 

S 

^ 

^ 

§ 

^ 

o 

k 

^ 

k 

^ 

jg 

fi 

3 

^ 

Pk 

i5 

2 

2 

2 

2 

2 

2 

2 

^ 

9-27 

9-28 

}82 

Ribbed  limb  variation . . . 

Ribbed 

\l 

0 
21 

75 
69 

115 
229 

7 

27 

107 

247 
294 

7 
31 

474 
762 

9-33 

}85 

do 

do 

{S 

85 

141 

273 

226 

319 

427 

264 

1,762 

9-34 

143 

100 

168 

136 

267 

430 

221 

1,501 

9-t7 

Jl05 

do 

do 

f35 
145 

101 

37 

94 

120 

148 

253 

94 

882 

9-48 

147 

96 

119 

174 

189 

384 

80 

1,234 

^-49 

9-50 

}l05 

Normal  Thomson  limb... 

Thomson... 

{S 

157 
62 

93 
56 

233 
95 

238 
72 

315 
116 

484 
253 

381 
264 

1,931 
932 

31^ 

196 
}l96 

Ribbed  limb  variation . . . 
Normal  Thomson  limb... 

Ribbed 

0 

1 
6 

19 
41 
25 

24 
106 
120 

28 
188 
210 

183 
227 
218 

415 
326 
408 

49 
119 
134 

718 

31-7 

31-8 

Thomson 

{::: 

1,008 
1,121 

The  oranges  produced  by  the  Ribbed  progeny  trees  have  been 
particularly  uniform,  and  no  marked  variations  have  been  found  in 
any  of  the  crops,  which  in'dicates  a  condition  of  inherent  stability  of 
41519°— 29 4 
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these  limb  variations  as  shown  by  the  consistent  perpetuation  of  their 
characteristics  through  bud  propagation. 

The  quantity  of  fruit  produced  by  the  Ribbed  progeny  trees  has 
been  somewhat  smaller  than  that  borne  by  the  comparable  Thomson 
progeny  trees.  From  these  and  other  tests  with  top-worked  trees  it 
seems  probable  that  the  trees  of  the  Ribbed  strain  are  slightly  less 
productive  than  those  of  the  Thomson  or  Washington  strains,  and  the 
fruits  are  of  no  commercial  value,  on  account  of  their  peculiar  ap- 
pearance and  inferior  quality. 

SEAMED   STRAIN 

The  name  Seamed  has  been  applied  to  this  strain  of  the  Washington 
Navel  orange  from  the  pecuhar  longitudinal  sunken  lines  in  the  rinds 


Figure  27.— Fruits  of  the  Seamed  strain  of  tiie  Washington  Navel  orange  produced  by  progeny  tree 
7-26,  listed  in  Table  18,  which  was  propagated  from  a  similar  limb  variation.  Riverside,  Calif,, 
January,  1928 

of  the  fruits  somewhat  resembling  the  creases  made  by  seams  in 
cloth. 

The  habit  of  growth  and  foliage  characteristics  of  the  trees  of  the 
Seamed  strain  are  similar  to  those  of  the  Washington  strain. 

The  fruits  of  the  Seamed  strain,  as  shown  in  Figure  27,  are  often- 
times oblong,  the  texture  of  the  rind  is  rather  rough,  and  the  navels 
are  usually  of  large  size.  The  color  of  the  fruits  is  light  yellowish 
orange,  the  rinds  are  of  medium  thickness,  the  rag  is  coarse  and  some- 
what tough,  and  the  juice  is  fairly  abundant  but  of  inferior  quality. 

The  performance  record  of  two  progeny  trees  propagated  from  a 
Seamed  limb  variation  of  a  Washington  tree  and  of  two  comparable 
progeny  trees  which  were  propagated  from  a  normal  branch  of  the 
same  parent  tree  are  shown  in  Table  18.  This  Seamed  limb  bore 
both  Seamed  and  normal  Washington  fruits,  but  usually  there  were 
more  Seamed  than  Washington-strain  oranges.  This  inherent  con- 
dition has  been  perpetuated  in  the  two  progeny  trees,  as  is  shown  by 
the  classification  of  the  yearly  production  of  the  trees.  The  two 
progeny  trees  which  were  propagated  from  a  normal  limb  of  the  same 
parent  tree  have  produced  only  normal  Washington  fruits.  The 
average  quantity  of  fruit  produced  by  the  trees  of  the  Seamed  strain 
has  been  somewhat  less  than  that  of  the  comparable  trees  of  the 
Washington  strain. 
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Table  18. — Records  of  annual  production  of  progeny  trees  propagated  from  a  limb 
variation  of  the  Seamed  strain  of  the  Washington  Navel  orange  compared  with 
records  of  trees  propagated  from  the  normal  part  of  the  same  parent  Washington 
Navel  tree 

[All  progeny  trees  were  planted  in  July,  1917] 


Source  of  buds 

Fruits  produced  by  progeny  trees 

Progeny 
tree 
No. 

1 

^  6 
1^ 

Limb 

Character 

Number 

^ 

1 

7 

^ 

1 

1 

^ 

1 

^ 

12 
12 

/Seamed  limb  variation  in 
\.    Washington  tree. 

do 

fNormal  W^ashington  limb 
\    in  same  parent  tree. 

[Seamed 

1  Washington 

I           Total . 

Seamed 

Washington 

Total . 
1  Washington 

40 

5 

•96 
38 

111 

0 

192 
170 

100 
12 

89 
152 

367 
52 

71 
49 

1,066 
478 

45 

30 

5 

134 

111 

362 

112 

241 

419 

120 

1,544 

7-26 

85 
67 

47 
0 

166 
186 

116 
6 

105 
142 

282 
57 

76 
75 

907 
538 

35 

152 

47 

352 

122 

247 

339 

151 

1,445 

7-27 

7-28 

98 
91 

27 

78 

532 
355 

249 
131 

316 
154 

630 
416 

163 
143 

2,028 
1,369 

The  rough  and  uneven  texture  of  the  fruits  of  the  Seamed  strain,  as 
well  as  their  pale  color,  oblong  shape,  and  tendency  to  large  and 


Figure  28.— Fruits  of  the  Fluted  strain  of  the  Washington  Navel  orange  borne  oij  progeny  tree  9-4, 
listed  in  Table  19,  which  was  propagated  from  a  similar  limb  variation.  Riverside,  Calif., 
January,  1928 

protruding  navels,  render  these  fruits  less  valuable  for  commercial 
purposes  than  those  of  the  Washington  strain. 

FLUTED  STRAIN 

The  name  Fluted  was  given  this  strain  on  account  of  the  resem- 
blance of  the  surface  of  the  fruits  to  that  of  fluted  columns  having 
regular  and  wave-like  longitudinal  depressions. 

The  trees  resemble  very  closely  those  of  the  Thomson  strain, 
except  that  their  leaves  are  usually  slightly  pointed. 

The  fruits  are  pyriform,  as  is  shown  in  Figure  28,  medium  to  small 
in  size,  and  yellowish  orange  in  color;  the  rinds  have  a  rather  rough 
texture  and  are  of  medium  thickness.     The  rag  is  small  in  quantity 
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and  tender,  the  juice  is  fairly  abundant  but  of  rather  poor  quahty,  and 
the  fruits  are  seedless.  The  navels  are  of  small  size,  oftentimes 
rudimentary,  and  the  navel  openings  are  small  or  entirely  closed. 

The  performance  records  of  the  progeny  trees  from  two  Fluted 
limb  variations  of  Thomson  and  of  two  typical  Thomson  trees  are 
shown  in  Table  19.  The  first  two  Fluted  progeny  trees  were  prop- 
agated from  a  limb  variation  bearing  Fluted  strain  oranges  ex- 
clusively, whereas  the  second  two  Fluted  trees  were  propagated 
from  a  limb  that  bore  several  normal  Thomson  fruits  in  addition  to 
those  of  the  Fluted  strain.  The  two  progeny  trees  of  the  Thomson 
strain  were  propagated  from  a  normal  limb  on  the  same  parent  tree 
from  which  the  second  two  Fluted  trees  were  propagated. 

Table  19. — Records  of  annual  production  of  progeny  trees  -propagated  from  limb 
variations  of  the  Fluted  strain  of  the  Washington  Navel  orange  compared  with 
records  of  trees  propagated  from  a  normal  Thomson  limb  of  one  of  the  same  parent 
trees 

[These  progeny  trees  were  planted  in  July,  1917] 


Source  of  buds 

Fruits  produced  by  progeny  trees 

Progeny 
tree 

r 

Limb 

Character 

Number 

No. 

?5 

^ 

7 

^ 

! 

i 

^ 

1 

1 
o 

9-3 

&-4 

50 

60 
}50 

Fluted  limb  variation  in 
\    Thomson  tree  (all  fruits 
\    Fluted). 

[Fluted  limb  variation  in 
J     Thomson     tree     (bears 
1    both  Fluted  and  Thom- 
l    son  fruits). 

do.-.- - 

Normal  Thomson  limb  in 
same  parent  tree. 

Fluted 

[Fluted 

1  Thomson. — 

Total.. 

[Fluted 

1  Thomson... 

Total.. 
JThomson...- 

1  12 

86 
102 

60 
25 

294 
99 

134 
30 

364 
190 

633 
361 

189 
222 

1,766 
1,041 

8-33 

24 
0 

62 
24 

34 
7 

14 

75 

33 

18 

74 
13 

T, 

19 

78 

429 
284 

24 

86 

41 

89 

51 

87 

238 

97 

713 

8-34 

47 
3 

181 
2 

128 
11 

465 
16 

217 

2 

306 
22 

502 
14 

188 
36 

2,034 
106 

50 

r  33 

1  15 

183 

139 

481 

219 

328 

516 

224 

2,140 

8-37 

8-38_-._- 

136 
28 

63 

55 

191 

177 

208 
45 

190 
103 

341 
308 

231 
182 

1,  393 
913 

The  first  two  Fluted  trees  have  borne  only  Fluted  fruits  during 
the  period  of  these  performance  records.  The  second  lot  of  Fluted 
progeny  trees  have  produced  mainly  Fluted  fruits,  but  have  also 
borne  some  normal  Thomson  oranges,  as  did  the  parent-limb  varia- 
tion. The  progeny  trees  of  the  Thomson  strain  have  produced  only 
Thomson  fruits  thus  far. 

The  performance  records  show  that  the  characteristics  of  the 
parent  Fluted  hmb  variations  have  been  perpetuated  through  bud 
propagation.  The  production  of  some  of  the  progeny  trees  of  the 
Fluted  strain  has  been  greater  than  that  of  the  Thomson  progeny 
trees,  indicating  that  the  trees  of  this  strain  are  inherently  produc- 
tive. The  rough  texture  of  the  rinds,  their  peculiar  fluted  appear- 
ance, and  the  inferior  quality  of  the  juice  makes  them  less  desirable 
for  commercial  culture  than  trees  of  the  Washington  or  Thomson 
strains  in  the  estabhshed  citrus  districts  of  the  Southwest. 

FLATTENED  STRAIN 

The  name  Flattened  has  been  given  to  a  strain  of  the  Washington 
Navel  orange  on  account  of  the  characteristic  oblate  or  flattened 
shape  of  the  fruits  borne  by  the  trees  of  this  strain.     This  strain 
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has  been  found  occurring  as  limb  variations  and  as  individual  fruits 
in  trees  of  both  the  Washington  and  Thomson  strains  and  as  entire 
trees  in  orchards  of  these  two  strains. 

The  trees  of  the  Flattened  strain  are  similar  in  habit  of  growth  and 
foliage  characteristics  to  those  of  the  parent  trees  from  which  the 
strain  originates. 

The  fruits,  as  is  shown  in  Figure  29,  are  distinctly  flattened  at 
both  the  stem  and  blossom  ends.  They  are  of  medium  size,  and 
the  rind  is  similar  in  color,  thickness,  and  texture  to  those  charac- 
teristics of  the  parent  strain.  The  rag  is  tender  and  of  medium 
quality,  and  the  juice  is  abundant  and  of  good  quality.     The  fruits 


Figure  29.— Fruits  of  the  Flattened  strain  of  the  Washington  Navel  orango  produced  by  progeny 
tree  8-28,  listed  in  Table  20,  which  was  propagated  from  a  similar  limb  variation.  Riverside, 
Calif.,  January,  1928 

are  seedless  and  have  navels  and  navel  openings  of  medium  to  small 
size. 

The  performance  records  of  two  progeny  trees  which  were  prop- 
agated from  a  Flattened  strain  limb  variation  in  a  Thomson  strain 
tree  and  comparable  records  of  two  progeny  trees  of  the  Thomson 
strain  are  shown  in  Table  20. 

Table  20. — Records  of  annual  production  of  progemj  trees  propagated  from  a  limb 
variation  of  the  Flattened  strain  found  in  a  tree  of  the  Thomson  strain  of  the 
Washington  Navel  orange  compared  with  records  of  trees  propagated  from  a 
normal  Thomson  limb  of  a  near-by  tree 


[All  progeny  trees  were  planted  in  July,  1917] 

Source  of  buds 

Fruits  produced  by  progeny  trees 

Progeny 
tree 

1 

Limb 

Character 

Number 

No. 

?J 

S 

1 

1 

8 

^ 

? 

■ 

8-27 

43 
43 

(Flattened  limb  variation 
\    in  Thomson  tree. 

do 

/Normal  limb  in  Thomson 
\    tree                            -   .. 

(Flattened... 
Thomson... 

Total. 

(Flattened... 
Thomson 

Total. 
JThomson... 

9 
2 

56 

42 

23 

34 

125 
92 

121 
36 

139 
35 

174 
178 

280 
0 

927 
419 

11 

98 

57 

217 

157 

174 

352 

280 

1,346 

8-28 

8 
4 

48 
23 

11 
19 

96 
60 

170 
21 

181 
11 

183 
197 

323 
0 

1,020 
335 



12 

71 

30 

156 

191 

192 

380 

323 

1,355 

8-37 

8-38 

f33 

115 

136 
28 

63 
55 

191 
177 

208 
45 

190 
103 

341 
308 

231 
182 

1,393 
913 
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The  fruits  borne  by  the  progeny  trees  of  the  Flattened  strain  have 
been  classified  as  typical  Flattened  strain  fruits  and  those  which  more 
nearly  resemble  Thomson  oranges.  Most  of  the  fruits  produced  by 
the  Flattened  strain  trees  have  had  the  characteristic  shape  of  the 
fruits  of  this  strain,  while  a  part  of  the  production  has  been  similar  to 
that  of  Thomson  trees.  This  condition  has  varied  somewhat  from 
year  to  year,  indicating  that  the  proportion  of  markedly  flattened  fruits 
in  the  crops  is  influenced  to  some  extent  by  growth  conditions. 

The  fruits  produced  by  the  progeny  trees  of  the  Thomson  strain  have 
all  been  normal  or  typical  of  this  strain.  The  yields  of  these  trees 
have  been  about  the  same  as  those  of  the  Flattened  strain. 

These  progeny  tests  indicate  that  the  tendency  for  the  develop- 
ment of  the  flattened  shape  of  fruit  characteristic  of  the  parent-limb 
variation  has  been  perpetuated  through  bud  propagation.  The 
flattened  shape  of  the  fruits  is  a  disadvantage  in  handling  and  pack- 
ing operations.     It  is  difficult  under  existing  conditions  to  size  them 


Figure  30.— Fruits  of  the  Pear-Shape  strain  of  the  Washington  Navel  orange  produced  by  progeny 
tree  9-36,  listed  in  Table  21,  which  was  propagated  from  a  similar  limb  variation.  Riverside, 
Calif.,  January,  1928 

accurately,  and  they  can  not  be  packed  in  the  customary  manner  so 
as  to  make  an  attractive  package.  For  these  reasons  the  fruits  of  this 
strain  are  not  considered  as  desirable  commercially  as  those  of  the 
Thomson  and  Washington  strains. 

PEAR-SHAPE  STRAIN 

The  Pear-Shape  strain  was  so  named  on  account  of  the  pearlike 
shape  of  the  fruits  produced  by  the  trees  of  this  strain.  It  has  been 
found  rather  frequently  as  individual-fruit,  limb,  and  entire-tree  varia- 
tions of  the  Washington,  Thomson,  and  other  strains  of  the  Washing- 
ton Navel  orange  in  orchards  where  these  investigations  have  been 
conducted. 

The  trees  of  the  Pear-Shape  strain  have  a  somewhat  upright  habit 
of  growth  and  rather  sparse  foliage.  The  leaves  tend  to  be  sharply 
pointed  and  are  usually  smaller  than  those  of  the  Washington  or 
Thomson  trees. 

The  fruits,  as  is  shown  in  Figure  30,  are  distinctly  pyriform,  and 
they  oftentimes  have  a  collarlike  development  at  the  stena  ends.     They 
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are  medium  to  small  in  size,  and  the  rind  is  usually  rather  rough,  of 
medium  thickness,  and  yellowish  orange  in  color.  The  rag  is  fairly 
abundant  and  frequently  coarse  in  texture,  the  juice  is  medium  to 
small  in  quantity  and  of  inferior  quality.  The  fruits  are  seedless, 
the  navels  are  of  small  size,  sometimes  rudimentary,  and  the  navel 
openings  are  very  small,  frequently  entirely  closed.  The  fruits  are 
of  inferior  commercial  value  on  account  of  their  small  size,  abnormal 
shape,  and  poor  quality.  This  shape  is  also  a  characteristic  of  the 
fruits  of  some  other  strains  of  the  Washington  Navel  variety. 

Table  2 1  shows  the  performance  records  of  two  progeny  trees  which 
were  propagated  from  a  Pear-Shape  limb  variation  in  a  Washington 
tree  and  six  progeny  trees  of  Pear-Shape  limb  variations  in  three 
Thomson  trees,  together  with  those  of  two  progeny  trees  from  a  normal 
limb  in  a  Thomson  tree. 

Table  21. — Records  of  annual  production  of  progeny  trees  propagated  from  limb 
variations  of  the  Pear-Shape  strain  found  in  trees  of  the  Washington  and  Thomson 
strains  of  the  Washington  Navel  orange,  compared  with  records  of  trees  propagated 
from  a  normal  limb  in  one  of  the  same  parent  trees 


[All  progeny  trees  were 

planted  in  1917 

1 

Source  of  buds 

Fruits  produced  by  progeny 

trees 

Progeny 
tree 
No. 

1 

Limb 

Character 

Number 

?: 

1 

? 

1 

1 

^ 

s 

1 

o 
Eh 

&-n 

67 
67 
24 
24 
42 
42 
*95 
95 

(Pear-Shape    limb    varia- 
{    tion  in  Washington  Nav- 
l    el  tree. 

do.. 

fPear-Shape    limb    varia- 
\    tion  in  Thomson  tree. 

do... 

do 

do.. 

fPear-Shape    variation    in 
I    Thomson  tree. 

do.... 

/Normal  limb  in  Thomson 
\    tree. 

f  Pear-Shape.. 
1  Washington. 

1          TotaL. 

[Pear-Shape- 
1  Washington 

Total.. 

Pear-Shape.. 
Thomson 

TotaL. 

fPear-Shape.- 
Thomson... 

TotaL. 

fPenr-Shape.. 
1  Thomson.  __ 

I           TotaL. 

f  Pear-Shape.. 
1  Thomson 

TotaL. 

Pear-Shape.. 
Thomson 

TotaL. 

Pear-Shape.. 
Thomson 

TotaL. 
JThomson--- 

0 

8 

20 
25 

68 
2 

218 
17 

69 
1.3 

208 
0 

25 
367 

8 
116 

016 

548 

8 

45 

70 

235 

82 

208 

392 

124 

1,164 

9-12 

2 
3 

7 
13 

42 
42 

168 
69 

51 
25 

215 
0 

40 
444 

26 
127 

551 
723 

6 

3 

1 

4 

20 

84 

237 

76 

215 

484 

153 

1,274 

8-3 

19 
2 

48 
69 

4 
27 

102 
19 

293 
0 

288 
14 

98 
108 

855 
240 

21 

117 

31 

121 

293 

302 

206 

1,095 

8-4 

2 
0 

9 

3 

7 
9 

29 
222 

59 
33 

221 
0 

414 
25 

29 
56 

770 
348 

2 

12 

16 

251 

92 

221 

439 

85 

1,118 

8-25 

26 
0 

10 
0 

15 
9 

178 
24 

168 
20 

177 
0 

261 

183 
0 

1,018 
53 

26 

10 

24 

202 

188 

177 

261 

183 

1,071 

8-26 

5 

5 
0 

29 
15 

216 
88 

258 
32 

315 
0 

464 
0 

275 

1,567 
136 

6 

5 

44 

304 

290 

315 

464 

275 

1.703 

»-35 

40 
0 

245 
5 

92 

5 

348 
0 

201 
15 

275 
4 

408 
41 

116 
66 

1,725 
136 

40 

250 

97 

348 

216 

279 

449 

182 

1,861 

^36 

45 
0 

45 

r  33 

I  15 

112 
112 

62 
0 

126 

90 

7 

242 
10 

325 
15 

151 
79 

1,153 
111 

62 

126 

97 

252 

340 

230 

1,264 

8-37..... 
8-38 

136 

28 

63 
55 

191 
177 

208 
45 

190 
103 

341 
308 

231 
182 

1,393 
913 

The  average  total  production  of  8  Pear-Shape  trees  was  1,319  fruits. 
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The  fruits  of  the  Pear-Shape  progeny  trees  have  been  classified  as 
those  typically  Pear-Shape  and  those  resembling  the  normal  Wash- 
ington or  Thomson  strain  fruits.  All  of  these  trees  have  borne  both 
classes  of  fruit,  the  proportion  varying  with  the  progeny  and  from 
year  to  year.  The  progeny  trees  of  the  Thomson  strain  have  produced 
only  fruits  normal  for  this  strain. 

These  records  show  that  the  habit  of  the  parent-limb  variation  to 
produce  Pear-Shape  fruits  has  been  perpetuated  by  bud  propagation. 
The  foliage  as  well  as  the  fruit  characteristics  of  the  parent-limb 
variation  have  been  shown  to  be  heritable  characters  in  these  tests. 

The  Pear-Shape  trees  have  been  fully  as  productive  as  the  Thomson 
trees,  but  on  account  of  the  less  desirable  character  of  the  fruits,  the 
Pear-Shape  strain  is  not  a  valuable  one  for  commercial  propagation. 


Figure  31.— Fruits  of  the  Elliptical  strain  of  the  Washington  Navel  orange  produced  by  progeny 
tree  8-30,  listed  in  Table  22,  which  was  propagated  from  a  similar  limb  variation.  Riverside, 
Calif.,  January,  1928 

ELLIPTICAL   STRAIN 

The  Elliptical  strain  of  the  Washington  Navel  Orange  has  been  so 
named  on  account  of  the  characteristic  shape  of  the  fruits  produced 
by  the  trees  of  this  strain. 

The  trees  of  the  Elliptical  strain  are  similar  to  those  of  the  Thom- 
son strain. 

The  fruits,  shown  in  Figure  31,  differ  from  Thomson  strain  fruits 
mainly  in  shape,  having  an  oblong  longitudinal  midsection  with 
tapering  stem  and  blossom  ends.  The  rind,  rag,  and  juice  character- 
istics of  the  Elliptical  strain  fruits  in  these  studies  have  been  very 
much  like  those  of  Thomson  oranges. 

The  performance  records  of  four  progeny  trees  which  were  propagated 
from  Elliptical  strain  limbs  in  Thomson  strain  parent  trees,  together 
with  those  of  two  comparable  progeny  trees  of  the  Thomson  strain, 
are  presented  in  Table  22. 
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Table  22. — Records  of  annual  production  of  progeny  trees  propagated  from  limb 
variations  of  the  Elliptical  strain  of  the  Washington  Navel  orange  compared 
with  records  of  trees  propagated  from  a  normal  Thomson  limb 


[These  progeny  trees  were  planted  in  July, 

1917] 

Source  of  buds 

Fruits  produced  by  progeny  trees 

Progeny 

1 

Lunb 

Character 

Number 

i 

? 

'  ^ 

i 

^ 

i 

S5 

1 

i 

o 

8-1 

23 
23 

45 
45 

jso 

(Elliptical  limb  variation 
1.    in  Thomson  tree. 

do.. 

[Elliptical  limb  variation 
I     in  Thomson  tree  which 
1     also  has   a    Pear-Shai)e 
I    limb. 

do. 

EUiptical... 

Pear-Shape. 

<  Thomson 

I           Total. 

[EUiptical.  _- 

Pear-Shape. 

j  Thomson.  __ 

I           Total. 

[Elliptical... 

Pear-Shape. 

-^Thomson... 

I           Total. 

[Elliptical... 
Pear-Shape- 
Thomson-. . 

0 
0 
0 

0 
0 
0 

4 
0 
0 

55 
20 
18 

4 

1 
4 

159 
0 
0 

340 

5 
0 

29 
0 

47 

691 
26 
69 

0 

0 

4 

93 

9 

159 

345 

76 

686 

8-2 

0 
0 
0 

0 
0 
0 

4 
0 
2 

131 
22 
61 

68 
15 
28 

172 
0 
2 

359 
6 
0 

30 

1 
50 

764 
44 
143 

0 

0 

6 

214 

111 

174 

365 

81 

951 

8-29 

27 
0 
3 

148 
8 
0 

51 
5 
13 

230 
0 
0 

222 
0 
0 

197 
13 
0 

402 
0 
0 

87 
0 
39 

1,364 
28 
55 

30 

156 

69 

230 

222 

210 

402 

126 

1,445 

8-30 

28 
3 
4 

173 
7 
0 

81 
10 

7 

321 
0 
0 

245 
0 
0 

270 
5 
0 

512 
0 
0 

130 

0 

42 

1,760 
25 

53 

[          Total. 

35 

180 

98 

321 

245 

275 

512 

172 

1,838 

8-37_.... 
&-38 

[Normal  limb  in  Thomson 
<    tree  containing  two  limb 
[    variations. 

j  Thomson... 

f33 

115 

136 

28 

63 

55 

191 
177 

208 
45 

190 
103 

341 
308 

231 

182 

1,393 
913 

1  The  average  total  crop  of  4  Elliptical  strain  troos  was  1,230  fruits. 

The  crops  of  the  Elliptical  strain  trees  have  been  classified  accord- 
ing to  the  shape  of  the  fruits.  While  these  trees  have  borne  largely 
Elliptical  fruits,  they  have  also  produced  a  few  oranges  that  have  been 
classed  as  of  the  Pear-Shape  strain  and  others  of  the  normal  Thomson 
strain.  One  of  the  parent  trees  in  addition  to  the  EUiptical  limb 
variation  also  had  a  Pear-Shape  limb  sport,  while  the  other  parent 
tree  has  developed  an  occasional  Pear-Shape  fruit  on  the  Elliptical 
limb  variation. 

These  records  show  that  the  elliptical  shape  of  fruits  of  the  parent 
limb  variations  has  been  transmitted  to  progeny  trees,  and  they 
constitute  additional  evidence  that  fruit  shape  is  a  characteristic  of 
limb  variations  which  can  be  perpetuated  through  bud  propagation. 
The  Elliptical  strain  progeny  trees  have  been  as  productive  as  those 
of  the  Thomson  strain,  but  by  reason  of  their  unusual  shape  the  fruits 
of  this  strain  are  less  desirable  commercially  than  those  of  the  Thom- 
son strain. 

SHEEPNOSE  STRAIN 

The  name  Sheepnose  has  been  adopted  for  a  strain  of  the  Wash- 
ington Navel  orange  on  account  of  the  similarity  in  the  shape  of  its 
fruits  to  those  of  the  so-called  Sheepnose  apples. 
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The  trees  of  this  strain  are  more  finely  branched  and  the  leaves 
are  smaller,  narrower,  and  more  sharply  pointed  than  is  the  case  with 
Washington  trees.  They  are  prolific  bearers  and  tend  to  produce  a 
larger  number  of  oranges  than  the  normal  trees  of  the  parent  strain 
under  comparative  cultural  conditions.  However,  the  weight  of  the 
fruits  produced  by  Sheepnose  trees  is  usually  less  than  that  of  the 
crops  produced  by  comparable  normal-strain  trees,  on  account  of 
their  small  size. 

The  fruits  of  the  Sheepnose  strain,  shown  in  Figure  32,  are  of 
very  small  size,  yellowish  orange  color,  ovate  in  shape,  with  peculiar 
and  characteristic  protrusions  of  the  distal  ends,  due  to  the  develop- 
ment of  abnormally  large  inclosed  navels  at  the  tips  of  the  fruits. 
The  texture  of  the  rind  is  coarse,  and  many  of  the  fruits  are  wrinkled 
or  ridged,  especially  at  the  stem  end.  The  rinds  are  thick,  the  rag 
abundant  and  coarse,  and  the  juice  is  small  in  quantity  and  of  poor 
flavor.     On  account  of  the  peculiar  shape  of  the  fruits,  their  very  small 


Figure  32.— Fruits  of  the  Sheepnose  strain  of  the  Washington  Navel  orange  produced  by  progeny 
tree  9-30,  listed  in  Table  23,  which  was  propagated  from  a  similar  limb  variation.  Riverside, 
Calif.,  January,  1925 

size,  coarse  texture  of  the  rinds,  and  inferior  quality  of  the  juice,  the 
Sheepnose  strain  is  a  very  undesirable  one  for  commercial  cultivation. 
The  performance  records  of  two  progeny  trees  of  the  Sheepnose 
strain  which  were  propagated  from  a  limb  variation  in  a  Thomson 
tree  and  those  of  two  comparable  progeny  trees  of  the  Thomson  strain 
which  were  propagated  from  a  normal  limb  of  the  same  parent  tree 
are  shown  in  Table  23.  These  records  show  that  all  the  oranges 
produced  by  the  Sheepnose  strain  progeny  trees  have  been  typical 
Sheepnose  fruits,  whereas  those  borne  by  the  Thomson  strain  progeny 
trees  have  all  been  normal  Thomson  oranges.  The  small  size  of  the 
fruits  produced  by  the  trees  of  the  Sheepnose  strain  is  shown  by  the 
fact  that  during  the  last  three  years  they  averaged  only  3.01  ounces 
each  in  weight,  whereas  those  borne  by  the  normal  Thomson  trees 
averaged  5.35  ounces.  The  shape,  color,  texture  of  rind,  quality  of 
juice,  and  other  characteristics  of  the  fruit  produced  by  the  parent- 
limb  variation  have  also  been  transmitted  to  the  progeny  trees.     This 
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is  a  striking  illustration  of  the  origin  of  strains  through  the  propaga- 
tion of  limb  variations. 

Table  23. — Records  of  annual  production  of  progeny  trees  propagated  from  a  limb 
variation  of  the  Sheepnose  strain  found  in  a  tree  of  the  Thomson  strain  of  the 
Washington  Navel  orange,  compared  with  records  of  trees  propagated  from  a 
normal  limb  of  the  same  parent  tree 

[All  these  progeny  trees  were  planted  in  1917  except  9-32  which  was  replanted  in  1919.] 


Source  of  buds 

Fruits  produced  by  progeny  trees 

Progeny 
tree 

c 

Limb 

Character 

Number 

No. 

1 

7 

1 

7 

7 

^ 

7 

7 

OS 

1 

9-29 

9-30 

9-31 

9-32 

}8. 

rSheepnose  limb  variation 
{    in  Thomson  tree. 

Normal  Thomson  limb 

jsheepnose... 
Normal 

{'I 

157 

251 

84 

49 

259 

451 

103 

26 

214 
285 
175 
96 

104 

409 

129 

65 

260 

706 
226 
149 

543 
1,166 
426 
343 

353 
633 
219 
172 

1,950 

3,976 

1,380 

904 

ROLLED-LEAF  STRAIN 

The  Rolled-Leaf  strain  of  the  Washington  Navel  orange  was  so 
named  because  the  leaves  develop  in  a  characteristically  rolled  manner 
instead  of  being  flat  or  nearly  flat  like  normal  leaves. 

This  strain  was  first  seen  in  an  orchard  in  which  there  were  several 
entire  trees  of  this  character  and  other  trees  containing  similar  large 
and  small  limbs.  The  owner  was  rather  concerned  about  these  trees 
because  they  appeared  to  be  in  a  wilted  condition,  though  ample 
irrigation  water  had  been  used.  The  leaves  were  peculiarly  rolled 
upward  about  the  midribs,  so  that  the  upper  sides  of  the  leaves  were 
largely  concealed,  and  the  area  exposed  to  view  was  almost  entirely 
that  of  the  under  surface. 

In  the  spring  of  1921,  in  order  to  determine  whether  the  rolled- 
leaf  condition  was  due  to  environmental  influences  or  to  inherent 
causes,  buds  were  obtained  from  some  of  the  limbs  having  rolled 
leaves  in  otherwise  apparently  normal  trees  and  were  inserted  in 
sour-orange  seedlings  in  a  citrus  nursery  at  Altadena,  Calif.  Of 
about  100  nursery  trees  resulting  from  these  propagations,  all  produced 
typically  rolled  leaves  similar  to  the  parent  limbs.  These  nursery 
trees  were  transplanted  in  1923  to  several  experimental  progeny 
plantings,  including  two  trees  at  Riverside  in  progeny  orchards  of 
the  Citrus  Experiment  Station  of  the  University  of  California.  The 
Rolled-Leaf  progeny  trees  have  continued  to  produce  typically  rolled 
leaves,  as  is  shown  in  Figure  33,  and  their  condition  has  shown  that 
this  character  is  an  inherent  one. 

Some  of  the  trees  in  the  parent  orchard  were  found  to  bear  fruits 
typical  of  the  Washington  strain,  whereas  others  produced  Thomson 
strain  oranges.  The  progeny  trees  have  just  begun  to  bear,  and  those 
that  have  been  observed  have  produced  typical  Washington  Navel 
fruits. 

This  progeny  test  is  of  particular  interest  in  showing  that  striking 
and  peculiar  leaf  characteristics  occurring  as  limb  variations  have 
been  transmitted  through  bud  propagation. 
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STRAINS  OF  MINOR  ECONOMIC  IMPORTANCE 

Many  other  limb  and  tree  variations  of  the  Washington  Navel 
orange  have  been  found  in  these  investigations,  but  on  account  of  their 
less  striking  appearance  or  less  frequent  occurrence  they  have  been 


Figure  33.— Progeny  tree  of  the  Rolled-Leaf  strain  of  the  VVashington  Navel  orange  that  was 
propagated  from  a  similar  limb  variation.  University  of  California  Citrus  Experiment  Station, 
Riverside,  Calif.,  January,  1928 

considered  to  be  of  minor  economic  importance.  The  performance 
records  of  10  progeny  trees  which  were  propagated  from  five  such 
limb  variations  in  otherwise  normal  trees  are  presented  in  Table  24, 
together  with  the  performance  records  of  two  progeny  trees  of  the 
Thomson  strain  which  were  propagated  from  a  normal  branch  of  one 
of  the  parent  trees. 
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Table  24. — Records  of  annual  -production  of  progeny  trees  propagated  from  limb 
variations  of  various  forms  compared  with  records  of  trees  propagated  from  the 
normal  Thomson  portion  of  one  of  the  same  parent  trees 

[Nearly  every  season  some  normal  fruits  were  produced  on  the  abnormal  progeny  trees  or  some  that 
showed  only  part  of  the  typical  abnormal  characters  and  these  have  been  listed  in  a  miscellaneous 
class.    These  progeny  trees  were  planted  in  July,  1917] 


Source  of  buds 

Fruits 

produced  by  progeny  trees 

Prog- 
eny 
tree 

o 

"A 

1 

0 

Limb 

Character 

Number 

No. 

?< 

1 

7 

1 

N 

1 

S5 

1 

H 

31 

31 

31 

31 
}3. 

64 

64 

64 
64 

64 
64 

[Yellow,  wrinkled,  peb- 
1     bled,  red  streaked— 
1     limb     variation     in 
Thomson  tree. 

do 

[Yellow,    ridged,    pro- 
<     trading     oil     cells— 
[    limbinThomsoutree. 

do 

("Normal  part  of  same 
\    Thomson  tree. 

[Yellow  and  Washing- 
ton   fruit    sections- 
limb     variation     in 
Washington  tree. 

—-do 

Thomson    and    Wash- 
ington fruit  sections — 
1     limb     variation     in 
1     Washington  tree. 

—  .do 

Intermediate  between 
Thomson  and  yellow 
■     Thomson,  limb  vari- 
ation in  Washington 
tree. 

do 

Tvpical 

6 
0 

32 
4 

7 
2 

150 
4 

114 
0 

242 

5 

1231 

58 

106 
2 

888 

8-5 

[Miscellaneous 

Total 

[Tvpical  ...     .  -- 

75 

6 

14 
1 

36 

29 
5 

9 

14 
2 

154 

114 

247 

289 

108 

963 

79 
3 

108 
0 

129 
0 

I  128 
27 

106 
3 

607 

8-6 

1  Miscellaneous 

1           Total 

Tvpical 

41 

15 

18 
0 

34 

0 
0 

16 

82 

108 

129 

155 

109 

648 

0 
0 

80 
2 

52 
0 

84 
0 

1  151 
11 

35 
3 

420 

8-7 

1  M'iscellaneous... 

Total 

[Typical 

16 

18 

0 

0 

0 
0 

82 

52 

84 

162 

38 

436 

5 
0 

3 
0 

93 

18 
0 

110 
0 

J250 
13 

55 
0 

634 

8-8 

1 M  iscellaneous 

1           Total 

\Thomson 

/....do 

[Sections 

13 

5 

-i 

0 

93 

1« 

110 

263 

55 

547 

8-9 

8-10 

5 
16 

24 
0 
0 
0 

; 

38 
5 
76 
10 

0 
U4 

21 
14 
42 

91 
124 

27 
3  36 

105 
171 

204 
321 

31 
106 

463 

792 

I 

225 
0 

120 
27 
41 
0 

74 

16 

168 

32 

110 

55 

253 

0 

74 
0 
27 
22 

— 
482 

9-5 

Washington 

Yellow  Thomson. 
Thomson 

Total 

[Sections 

160 

832 

64 

24 

17 
0 
0 
0 

129 

89 
0 
0 

8 

77 

8 
3 
19 
0 

289 

188 

290 

418 

123 

1,538 

15 
8 

80 
0 

36 
10 
46 
0 

41 

5 

148 

4 

23 

5 

203 

8 

76 
0 

46 
2 

305 

9-6 

Washington 

Yellow  Thomson. 
Thomson 

Total 

[Sections 

31 
542 
22 

17 

0 
21 

97 

0 
44 

30 

1 
93 

103 

92 

198 

239 

124 

900 

9 
249 

5 
149 

11 
205 

0 
175 

0 

1 

26 

9-7 

Thomson 

Total 

Sections 

937 

21 

1 
9 
0 

44 

1 
28 
2 

94 

3 

74 
3 

258 

154 

10 
72 
0 

216 

5 

170 

0 

175 

1 

2 

28 
0 

963 

11 
302 

5 

0 
315 

1 

33 

Thomson 

998 

9-8 

■  Washington 

Total 

[Typical 

11 

10 

19 
0 

31 

18 
2 

80 

~60 
4 

318 

82 

175 

316 

30 

1,042 

200 
6 

3 

1 

10 

1 

170 
0 

4 

1 

484 

9-9 

Miscellaneous 

Total 

[Typical... 

15 

19 

1 
0 

20 

1 
0 

64 

12 
0 

206 

150 
11 

4 

11 

170 

5 

499 

0 
0 

16 
16 

227 
25 

8 
1 

415 

9-10 

M  iscellaneous 

Total 

53 

1 

1 

12 

161 

0 

32 

252 

9 

468 

1  None  of  these  fruits  were  pebbled  or  showed  protruding  oil  cells,  but  a  few  fruits  with  those  characters 
are  included  in  the  miscellaneous  class  for  this  season. 

2  Includes  1  yellow  Thomson  fruit. 

3  Includes  2  ridged  Thomson  fruits. 
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The  trees  of  these  strains  which  were  propagated  from  the  Hmb 
variations  are  very  similar  in  appearance  to  those  of  the  parent  hmb. 
The  fruits  differ  from  the  normal  ones  in  color,  texture,  and  to  some 
extent  in  shape,  as  indicated  in  the  table,  and  they  are  all  of  inferior 
commercial  quality  as  compared  to  those  of  the  Washington  strain. 
Fruits  showing  Washington  and  Yellow  Thomson  sections  as  produced 
by  tree  9-5  listed  in  Table  24  are  shown  in  Figure  34. 

The  most  interesting  point  brought  out  in  these  performance  records 
is  the  relatively  unstable  character  of  the  production  of  the  progeny 
trees.  Some  of  the  progenies  have  been  more  inherently  stable  than 
others,  but  as  a  whole  the  tendency  has  been  for  the  progeny  trees  to 


Figure  34.— Fruits  showing  sections  of  rind  that  resemble  those  of  both  the  Yellow  Thomson 
and  Washington  strains.  These  were  produced  by  progeny  tree  9-5,  listed  in  Table  24,  which 
was  propagated  from  a  limb  variation.  The  tree  containing  this  limb  also  had  several  other 
variable  limbs  and  many  individual-fruit  variations.    Riverside,  Calif.,  January,  1928 

produce  a  large  proportion  of  fruits  typical  of  those  borne  by  the 
parent-limb  variations. 

OTHER  STRIKING  LIMB   VARIATIONS 

In  addition  to  the  striking  limb  variations  of  Washington  Navel 
orange  trees  described  in  the  foregoing  pages,  many  others  have  been 
found  from  time  to  time  which  are  of  more  than  ordinary  interest. 
These  variations  have  been  discovered  for  the  most  part  in  trees 
growing  in  orchards  other  than  those  where  the  original  Washington 
Navel  individual-tree  performance-record  work  was  carried  on,  and 
many  of  them  have  been  found  in  the  course  of  subsequent  tree-esti- 
mate studies  with  full-bearing  trees  in  established  orchards.  Progeny 
propagations  have  been  made  of  most  of  these  limb  variations  during 
recent  years,  but  the  performance  records  are  not  complete  enough 
as  yet  for  their  presentation.  Enough  evidence  has  been  obtained 
in  some  instances,  however,  to  warrant  a  brief  presentation  of  the 
results  of  these  tests,  together  with  descriptions  of  the  outstanding 
characteristics  of  the  limb  variations  and  their  progenies. 

Variegated-Leaf  limb  variations  have  been  found  in  two  otherwise 
normal  trees  of  the  Washington  strain.  The  outer  edges  of  the  leaves 
of  these  variations  have  been  of  a  creamy  color,  while  the  central  por- 
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tions  have  been  apparently  normal,  showing  one  or  more  shades  of 
light  green  with  a  dark-green  central  area.  (Fig.  35.)  The  growth 
of  the  Variegated-Leaf  variations  has  been  less  vigorous  than  that 
of  normal  branches.  The  fruits  of  the  Variegated-Leaf  limb  varia- 
tions have  been  apparently  normal  in  appearance,  but  their  number 
has  been  somewhat  less  than  that  of  comparative  normal  limbs. 
These  variations  of  the  Washington  Navel  variety  are  similar  in 
appearance  to  those  found  in  Valencia  orange  and  Eureka  lemon  trees. 
They  have  no  apparent  economic  value  except  possibly  for  ornamental 
plantings,  as  the  production  of  the  progeny  trees  is  less  than  that  of 
progeny  trees  from  normal  branches  of  the  same  tree. 

An  Everbearing  limb  variation  found  in  an  orchard  in  the  High- 
grove  district  of  Riverside,  Calif.,  has  proved  to  be  of  great  interest. 


Figure  35.— Foliage  from  a  progeny  tree  propagated  from  a  Variegated-Leaf  limb  variation  in  an 
otherwise  normal  Washington  Navel  tree.    Riverside,  Calif.,  March,  1928 

In  this  instance  a  single  limb  in  an  otherwise  normal  Washington 
Navel  tree  has  produced  clusters  of  oranges  of  different  sizes  and  stages 
of  maturity.  (Fig.  36.)  On  account  of  the  tendency  of  this  limb, 
and  the  progeny  trees  propagated  from  it,  to  flower  and  develop  fruits 
at  different  seasons  of  the  year,  the  term  Everbearing  has  been  given 
to  this  variation. 

The  parent-limb  variation  was  discovered  on  account  of  the  devel- 
opment of  large  clusters  of  fruit  produced  by  some  of  the  branches. 
On  some  of  the  small  branches  fruits  developed  from  buds  in  the 
axils  of  nearly  every  leaf,  and  in  a  few  instances  thorns  were  found 
bearing  oranges  similar  to  the  fruits  in  the  clusters. 

Buds  cut  from  the  Everbearing  limb  variation  were  first  inserted 
in  sour-orange  seedling  stocks  in  1922,  and  subsequent  propagations 
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have  been  made  from  both  the  parent  limb  and  the  progeny  trees. 
The  progeny  tests  of  the  Everbearing  limb  variations  have  not  gone 
far  enough  to  warrant  final  conclusions,  but  enough  evidence  has  been 
obtained  to  show  that  some  of  the  peculiarities  of  the  parent  limb 
have  been  transmitted  to  the  progeny  trees.  The  extraordinarily 
prolific  characteristic  of  the  parent  limb  is  shown  in  the  progeny 
trees,  some  of  them  bearing  from  25  to  53  oranges  at  2  years  of 'age 


Figure  36.— Cluster  of  fruit  on  the  Everbearing  limb  variation  in  an  otherwise  normal  Washington 
Navel  tree.    Ilighgrove,  Calif.,  January,  1927 

while  standing  in  nursery  rows.  On  some  of  the  nursery  trees  flowers 
have  grown  on  thorns  and  have  developed  into  fruits  in  a  manner 
similar  to  that  of  the  parent-limb  variation.  At  different  seasons 
the  progeny  trees  have  tended,  to  an  unusual  extent,  to  produce 
flowers,  some  of  which  develop  fruits  but  many  of  which  drop  either 
just  after  flowering  or  when  the  young  fruits  are  from  one-quarter  to 
one-half  inch  in  diameter.  A  tree  bearing  58  oranges  one  and  one- 
half  years  after  being  planted  is  shown  in  Figure  37. 
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The  progeny  trees  of  the  Everbearing  limb  have  habits  and  vigor 
of  growth  and  size  and  shape  of  leaves  similar  to  trees  of  the  Wash- 
ington strain,  although  frequently  a  long  semi  trailing  branch  is  pro- 
duced which  blooms  freely  and  usually  sets  a  few  fruits.  The  fruits 
vary  in  appearance,  particularly  in  the  texture  of  the  rind,  some  of 
them  being  very  smooth  and  others  having  a  somewhat  rough  texture 
with  few  oil  cells.     The  thickness  of  the  rind,  the  quantity  of  rag  and 


Figure  37.— Progeny  tree  of  the  Everbearing  strain  of  the  Washington 
Navel  orange  that  was  propagated  from  the  limb  variation  shown  in 
Figure  36.  This  tree  was  planted  in  the  fall  of  1926  and  photographed 
Feoruary  8,  1928,  when  it  was  bearing  58  fruits.    Corona,  Calif. 

juice,  and  the  flavor  of  the  juice  are  very  similar  to  those  character- 
istics of  fruits  of  the  Washington  strain. 

In  another  outstanding  instance  a  limb  variation  was  found  in  an 
otherwise  normal  tree  of  the  Washington  strain  which  bears  seedless 
oranges  closely  resembling  those  of  the  Washington  strain  except 
that  they  do  not  have  navels  (fig.  38)  and  they  remain  on  the  tree  in 
good  condition  for  two  or  three  months  longer  than  normal  fruits. 
A  progeny  propagation  of  this  limb  variation  has  shown  the  same 
characteristics  of  the  parent-limb  variation.  The  indications  are 
that  this  strain  may  be  a  commercially  valuable  one  on  account  of  its 
fruiting  characteristics,  and  a  commercial  test  is  now  being  made  of  it, 
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A  series  of  teratological  variations  have  been  found  from  time  to 
time  in  all  of  the  Washington  Navel  orange  orchards  where  these 
investigations  have  been  carried  on.  These  variations  have  usually 
occurred  as  individual  fruits,  although  in  some  instances  several  have 


Figure  38.— Fruits  produced  on  a  tree  that  was  top-worked  from  a  limb  variation  in  a  Washing- 
ton Navel  tree.  The  parent  limb  bore  seedless  fruits  without  navels  that  remained  on  the  tree 
several  weeks  longer  than  the  normal  fruits  on  the  other  limbs,  and  the  fruits  on  the  top- 
worked  tree  appear  to  have  the  same  characters.    Redlands,  Calif.,  March,  1928 

been  found  on  a  single  limb,  indicating  a  tendency  toward  the  produc- 
tion of  these  abnormal  fruits. 

One  of  the  most  common  of  these  fruit  variations  is  the  occurrence 
of  extraordinarily  large  protruding  navels,  as  shown  in  Figure  39. 
In  these  cases  the  secondary  orange  or  navel  sometimes  develops  to 


Figure  39.— Fruits  with  large  protruding  navels  from  a  Washington  Navel  orange  tree  which  pro- 
duced similar  abnormal  fruits  several  seasons  during  the  performance-record  period.  Riverside, 
Calif.,  February,  1917 

one-quarter  or  one-half  the  size  of  the  primary  orange,  with  a  structure 
somewhat  similar  to  that  of  the  fruits  to  which  they  are  attached. 

In  a  number  of  individual  trees  and  limbs  under  investigation  the 
large  protruding  navel  condition  seems  to  vary  during  different  sea- 
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sons,  SO  that,  although  many  such  protrusions  are  found  during  cer- 
tain seasons,  the  fruits  on  these  trees  are  apparently  normal  in  this 
respect  the  following  season.  In  two  progeny  propagations  of  limbs 
having  fruit  with  protruding  navels  in  otherwise  normal  trees  there 
has  not  been  any  conclusive  evidence  thus  far  that  tiiis  condition  has 
been  transmitted  except  that  more  such  abnormal  fruits  have  occurred 
on  these  progeny  trees  during  occasional  seasons  than  on  comparable 
trees  of  the  Washington  strain.  The  protruding  navels  are  very 
objectionable  from  the  commercial  standpoint,  on  account  of  their 
appearance  and  because  of  the  susceptibility  to  injury  and  diseases 
which  lead  to  decay  of  the  oranges  having  these  abnormal  growths. 
All  such  fruits  are  sorted  out  in  the  packing  houses  and  are  thrown 
into  the  cull  bin. 

A  growth  somewhat  similar  to  a  large  protruding  navel  has  been 
found  on  the  side  of  some  fruits.     (Fig.  40.)     Commercially,  this 


Figure  40.— Views  of  an  abnormal  Washington  Navel  orange  having  a  seeondary  growth  near 
the  stem  end,  like  a  large  protruding  navel.    Riverside,  Calif.,  February,  1917 

condition  is  even  more  undesirable  than  that  of  the  ordinary  protrud- 
ing navel,  but  it  is  of  some  interest  from  the  bud-variation  point  of 
view. 

Double  navel  oranges  have  been  found  occasionally  in  trees  of 
several  strains  of  the  Washington  Navel,  but  more  often  in  those  of 
the  Australian  strain.  This  tendency  for  trees  of  certain  strains  to 
produce  more  of  such  teratological  forms  than  do  those  of  other 
strains  has  been  observed  in  these  studies,  but  examples  of  abnormal 
fruits  have  been  found  in  one  or  more  trees  of  all  of  the  strains  under 
observation. 

The  structure  of  the  double  oranges  indicates  that  these  fruits  have 
developed  from  individual  flowers  having  double  ovaries.  (Fig.  41.) 
In  some  instances  both  ovaries  grow  at  about  the  same  rate,  whereas 
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in  others  one  ovary  develops  more  rapidly  and  reaches  a  greater  size 
than  the  other.  In  other  instances  several  ovaries  are  produced  in  a 
flower  or  one  ovary  becomes  cut  or  broken  and  develops  with  resulting 


Figure  41.— An  abnormal  double  Washington  Navel  orange  borne  on  a  single  stem.    This  fruit 
was  produced  in  the  Australian  strain  tree  listed  as  7-9  in  Table  7.    Riverside,  Calif.,  March,  1923 

small  fingerlike  fruits  attached  to  a  single  stem.  So  far  as  observed 
there  has  been  no  evidence  of  an  inherent  tendency  to  produce  these 
fruits,  nor  have  any  of  them  appeared  to  be  of  commercial  value. 
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Witches'-broomlike  growths  have  been  found  in  several  trees  of  the 
different  strains  of  the  Washington  Navel  orange  during  these  inves- 
tigations. (Fig.  42.)  These  abnormal  vegetative  growths  somewhat 
resemble  those  called  witches'-brooms,  which  are  thought  to  be  of  a 
pathological  nature  in  certain  other  plants.     However,  careful  studies 


Figure  42.— An  abnormal  development  of  a  Washington  Navel  branch  like  a  witches'-broom. 
Several  similar  growths  have  been  observed  in  citrus  trees,  but  no  pathological  condition  has  been 
found  in  any  of  them.     Riverside,  Calif.,  spring  of  1926 

of  these  structures  in  Washington  Navel  trees  have  failed  to  reveal 
any  diseased  condition.  Progeny  propagations  of  some  of  these 
forms  have  resulted  in  trees  having  very  abnormal  foliage  and  fruits. 
The  witches'-brooms  observed  in  Washington  Navel  trees  appar- 
ently originate  from  adventitious  buds.     The  growth  is  made  up  of 
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rapidly  growing  straight  branches  which  have  an  angular  shape,  large 
size,  and  soft  tissues.  Peculiar  burlike  growths  bearing  many  buds 
occur  at  many  or  all  of  the  leaf  axils,  and  the  leaves  are  oftentimes 
abnormally  large,  acutely  pointed,  and  of  light-green  color.  The 
fruits,  usually  very  few  in  number,  are  smaller  than  the  normal  and 
have  thick  rinds  of  coarse  texture  and  but  little  juice  of  an  inferior 
quality. 

Many  other  abnormal  foliage  and  fruit  forms  have  been  observed 
in  the  course  of  these  studies,  some  of  which  have  been  propagated  in 
order  to  determine  their  heritability.  One  of  these  appears  as  fruits 
which  split  open  as  they  approach  maturity.  Progeny  propagations 
from  these  trees  and  others  of  more  than  ordinary  interest  are  under 
way  but  have  not  gone  far  enough  as  yet  to  permit  the  presentation 
of  final  conclusions  regarding  their  performance. 

LESSONS  FROM  THE  PROGENY  TESTS 

The  progeny  tests  of  limb  variations  in  otherwise  normal  Washing- 
ton Navel  orange  trees  which  have  been  described  in  the  foregoing 
pages  show  the  inheritance  of  the  different  characters  which  were 
noted  as  limb  variations  and  indicate  clearly  the  importance  of  bud 
selection  in  the  propagation  of  this  variety  in  order  to  avoid  the  per- 
petuation of  undesirable  variations  in  orchard  plantings.  These 
tests,  together  with  related  orchard  experience  during  the  past  18 
years,  prove  that  limb  variations  are  of  great  importance  from  the 
fact  that  in  obtaining  bud  wood  for  nursery  propagation  buds  taken 
unintentionally  from  such  limbs  have  probably  given  rise  to  many  if 
not  to  all  of  the  trees  of  the  diverse  strains  which  have  been  observed 
during  these  investigations. 

These  progeny  tests  have  shown  that  where  the  fruit  and  foliage 
characters  were  uniform  in  the  parent-limb  variations  these  characters 
are  uniformly  transmitted  to  the  progeny  trees.  When  the  parent 
limb  produced  normal  as  well  as  abnormal  fruits,  or  where  the  limb 
developed  more  than  one  kind  of  fruit  or  foliage  variation  from  the 
normal,  the  progeny  trees  of  such  limbs  perpetuated  the  unstable 
characteristics  of  the  parent  variations  and  in  about  the  same  relative 
proportion.  The  perpetuation  of  the  undesirable  limb  variations, 
whether  of  the  stable  or  the  unstable  class,  is  a  matter  of  fundamental 
importance  to  commercial  orchardists  where  profitable  cultivation 
depends  upon  the  production  of  uniformly  desirable  crops. 

The  trees  of  some  of  the  strains  grow  much  more  vigorously  than 
those  of  other  strains.  Some  of  them  produce  an  abnormal  proportion 
of  rank-growing,  nonfruiting  branches,  which  are  commonly  called 
suckers.  The  tendency  to  produce  this  type  of  growth  has  been 
found  to  be  perpetuated  through  bud  propagation.  As  a  result  of 
these  investigations  the  commercial  propagation  of  trees  of  these 
undesirable  strains  has  been  discontinued. 

These  progeny  tests  have  shown  that  certain  low-producing  limb 
variations  in  otherwise  normal  trees  have  transmitted  this  character- 
istic to  their  progenies,  thus  indicating  that  quantity  of  fruit  is  an 
inherent  character  which  is  perpetuated  through  bud  propagation. 

The  distinction  between  inherent  variations  in  quantity  of  produc- 
tion and  those  which  are  not  transmitted  through  bud  propagation  is 
not  always  clearly  realized.     In  these  studies  only  those  variations  in 
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quantity  of  production  which  are  perpetuated  through  budding  have 
been  considered  as  a  strain  characteristic.  Differences  in  quantity  of 
fruit  due  to  environmental  conditions  which  are  not  inherited  are 
commonly  called  fluctuations.  The  progeny  test  as  described  in  this 
bulletin  is  a  reliable  method  for  determining  whether  variations  in 
quantity  of  production  are  inherent  or  are  merely  fluctuations  in  yield 
due  to  environmental  factors. 

Inasmuch  as  quantity  production  is  of  primary  importance  to  the 
profitable  growing  of  orange  crops,  the  value  of  bud  selection  in 
avoiding  the  unintentional  propagation  of  unproductive  variations  has 
been  forcibly  demonstrated. 

The  quality  of  oranges  from  the  commercial  viewpoint  depends 
largely  upon  their  size,  shape,  color,  nature  and  extent  of  blemishes, 
texture  and  thickness  of  rind,  quantity  and  kind  of  rag,  and  quantity 
and  flavor  of  juice.  These  progeny  tests  have  included  the  records 
of  trees  propagated  from  limb  variations  which  differ  markedly  in  one 
or  more  of  these  characteristics  from  the  normal  fruits  borne  by  other 
branches  of  the  same  parent  trees.  The  very  small  and  the  abnor- 
mally large  sizes  of  oranges  borne  by  the  parent-limb  variations  have 
been  perpetuated  in  their  progenies.  The  pyriform,  oblong,  flattened, 
and  other  abnormal  shapes  of  the  fruits  produced  by  Kmb  variations 
have  been  transmitted  to  the  progeny  trees.  The  brown-spotted, 
corrugated,  ridged,  granular,  knobbed,  and  creased  oranges  of  the  limb 
variations  have  been  largely  or  entirely  reproduced  in  the  progeny 
trees.  The  thickness  of  the  rind  and  quantity  and  quality  of  the 
juice  of  the  fruits  produced  by  limb  variations  have  been  transmitted 
to  the  progeny  trees.  On  the  whole  these  progeny  tests  have  shown 
that  all  types  of  variations  in  those  characteristics  that  make  up 
commercial  quahty  of  the  fruits  have  been  produced  by  different 
limbs  and  have  been  transmitted  to  their  progenies  through  bud 
propagation. 

In  addition  to  quantity  and  quality  of  fruits,  the  season  of  their 
maturity  is  an  important  economic  factor  in  commercial  orcharding. 
It  is  particularly  important  that  the  market  package  include  only 
uniformly  mature  fruits.  The  fruits  of  some  strains  of  the  Washing- 
ton Navel  orange  mature  at  different  periods  from  the  normal.  For 
example,  the  fruits  of  the  Austrahan  strain  do  not  reach  a  satisfactory 
stage  of  maturity  for  a  considerable  time,  often  three  months,  after 
the  normal  oranges  have  ripened.  With  a  mixture  of  trees  of  the 
Australian  strain  in  orchards  of  the  Washington  strain,  the  late, 
maturing  fruits  are  either  picked  with  the  general  crop  or  are  left  for 
later  picking.  The  assorting  of  the  Australian  oranges  in  the  packing 
houses  is  a  difficult  and  expensive  matter,  and  usually  some  of  them 
are  accidentally  included  with  the  regular  pack,  thus  lowering  the 
grade  for  the  pack  as  a  whole.  If  the  scattered  trees  are  picked 
separately  this  method  involves  a  heavy  extra  expense  which  is 
usually  not  justified  on  account  of  the  inferior  value  of  the  fruits. 
Other  progenies  in  which  the  trees  produce  mature  fruit  out  of  the 
normal  season  and  similar  to  that  of  the  parent-limb  variations 
indicate  that  the  season  of  maturity  is  another  characteristic  of  certain 
limb  variations  which  can  be  perpetuated  through  bud  propagation. 

Seasonal  fluctuations  in  the  fruiting  or  fohage  characteristics  of 
Washington  Navel  trees  due  to  abnormal  environmental  influences 
are  not  perpetuated  through  budding.     However,  it  has  been  found 
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that  the  trees  of  some  strains  tend  to  resist  certain  unfavorable 
cHmatic  or  cultural  influences  more  strongly,  or  that  they  respond 
more  readily  to  favorable  conditions  than  those  of  other  strains  of 
this  variety.  The  progeny  test  is  a  satisfactory  method  for  showing 
whether  or  not  observed  variations  are  inherent  and  for  determining 
their  relative  values. 

VALUE  OF  BUD  SELECTION  TO  THE  WASHINGTON  NAVEL  ORANGE 

INDUSTRY 

As  a  result  of  these  investigations  it  has  been  shown  that  bud 
variations  in  trees  of  the  Washington  Navel  variety  are  of  frequent 
occurrence  and  of  fundamental  importance  in  this  variety.  The 
presence  of  some  of  the  inferior  trees  found  in  established  orchards 
has  been  proved  to  be  due  to  the  unintentional  propagation  of  unde- 
sirable bud  variations  when  the  trees  in  these  orchards  were  propa- 
gated. These  studies  have  shown  the  possibility  of  maintaining  the 
variety  from  so-called  ''running  out"  and  improving  its  efficiency  for 
valuable  fruit  production  by  avoiding  the  further  propagation  of  the 
unproductive  and  undesirable  strains  because  their  occurrence  was 
not  suspected.  This  knowledge  has  given  orange  growers  renewed 
confidence  in  the  Washington  Navel  variety,  which  has  resulted  in 
increased  plantings  in  recent  years.  As  a  result  of  the  bud-selection 
investigations  the  new  plantings  have  been  composed  almost  entirely 
of  trees  grown  from  carefully  selected  bud  wood. 

In  striking  contrast  to  the  numbers  of  trees  of  inferior  strains  which 
were  found  in  established  orchards  at  the  time  these  bud-variation  and 
selection  studies  were  begun  is  a  recent  tree-estimate  study  of  more 
than  100  young  Washington  Navel  orchards  in  which  the  trees  were 
propagated  from  selected  superior  parent  trees.  These  orchards 
have  failed  to  reveal  a  single  markedly  off-strain  tree.  The  produc- 
tion of  these  young  groves  has  been  more  uniformly  satisfactory  both 
as  to  quantity  and  quality  of  fruit  than  have  groves  otherwise  com- 
parable in  which  the  trees  were  propagated  from  bud  wood  not 
systematically  selected. 

In  established  orchards  the  abnormal-strain  trees  have  largely  been 
eliminated  by  top-worldng  or  replanting,  and  the  undesirable  Hmb 
sports  have  been  pruned  from  the  trees.  This  removal  of  undesirable 
bud  variations  has  resulted  in  an  improved  production  both  as  to  the 
quantity  and  the  commercial  quality  of  the  crops. 

The  most  serious  loss  arising  from  the  presence  of  poor  fruit  is  that 
to  the  reputation  of  the  crop  as  a  whole.  While  it  is  possible  to  sort 
out  many  of  the  undesirable  fruits,  it  is  impracticable  to  eliminate  all 
of  them  in  the  sorting  processes  in  the  packing  house.  Some  off-type 
strains,  such  as  the  Ridged  or  Sheepnose  fruits,  are  easily  distin- 
guished from  the  normal  by  their  appearance.  Others  are  apparently 
normal  in  outward  appearance  but  when  cut  open  are  found  to  have 
thick  peel,  coarse  rag,  juice  of  poor  flavor,  or  other  detrimental 
qualities. 

It  costs  as  much  to  care  for  the  trees  bearing  the  undesirable  varia- 
tions as  for  those  with  the  most  desirable  fruits.  In  assorting  the 
crop  preliminary  to  packing  there  is  an  added  expense  in  eliminating 
the  undesirable  oranges,  most  of  which  go  into  the  cull  grade.  These 
unmarketable  fruits  are  usually  a  total  loss  to  the  growers,  and  the 
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expense  of  disposing  of  them  must  be  added  to  the  cost  of  handhng 
the  crop. 

The  Washington  Navel  variety  is  the  most  important  possession  of 
the  industry  by  reason  of  its  proved  production  of  profitable  crops 
which  have  obtained  an  invaluable  market  reputation.  The  necessity 
for  maintaining  and  improving  the  productiveness  of  the  variety  must 
therefore  be  apparent  to  every  thinking  person. 

In  May,  1917,  the  California  Fruit  Growers'  Exchange,  a  coopera- 
tive marketing  organization  having  a  membership  of  more  than  11,000 
citrus  growers,  established  a  bud  department  in  its  Fruit  Growers' 
Supply  Co.,  a  subsidiary  which  furnishes  supplies  to  its  members. 
From  1917  to  1928,  inclusive,  the  bud  department  as  a  public  service 
furnished  to  nurserymen  and  growers,  nonmembers  as  well  as  members 
of  the  organization,  a  total  of  1,065,253  Washington  Navel  orange  buds 
selected  from  superior  fruiting  parent  trees  of  the  Washington  strain. 
In  addition,  other  organizations  and  individual  nurserymen  in  the 
Southwest  have  used  more  than  300,000  Washington  Navel  buds 
obtained  from  similarly  selected  parent  trees.  Many  growers  have 
used  buds  obtained  from  superior  trees  from  their  own  orchards  for 
top-working  undesirable  strain  trees  in  the  same  orchards.  The  com- 
mercial results  of  this  work  have  been  a  heavier  and  a  more  uniformly 
valuable  quality  of  production  than  was  the  case  before  the  use  of 
carefully  selected  buds  became  almost  universal  in  the  Washington 
Navel  orange  industry. 

ISOLATION  AND  PROPAGATION  OF  SUPERIOR  STRAINS 

Some  of  the  limb  variations  studied  have  been  found  to  produce 
more  or  better  fruits,  or  both,  than  the  normal  branches  of  the  same 
parent  trees.  Such  limb  variations  are  less  easily  distinguished  than 
those  which  bear  markedly  inferior  fruits  or  those  which  are  decidedly 
different  from  the  normal.  Progeny  propagations  of  the  apparently 
superior  limb  variations  in  comparison  with  those  of  normal  branches 
of  the  same  parent  trees  must  be  carried  on  for  a  considerable  period 
of  time  in  order  to  determine  the  relative  value  of  these  variations. 

The  progeny  tests  of  apparently  superior  limb  variations  which  have 
been  made  in  commercial  orchards  indicate  that  superior  strains  have 
been  isolated  from  superior  limb  variations  in  otherwise  normal  trees. 

In  full-bearing  Washington  Navel  orchards,  where  cooperative 
commercial  tree-performance  record  work  with  growers  has  been 
carried  on.  individual  trees  have  been  found  which  have  produced 
consistently,  for  a  period  of  four  or  more  years,  a  larger  quantity  and 
a  better  quality  of  fruit  than  the  other  trees  in  the  orchards.  In 
many  instances  buds  cut  for  commercial  propagation  from  these 
trees  have  been  budded  in  the  nurseries  as  individual  tree  progenies, 
so  that  the  nursery  trees  can  be  traced  back  to  the  parent  trees.  The 
nursery  progeny  trees  have  been  transplanted  to  commercial  orchards 
where  the  arrangement  of  planting  is  such  that  each  progeny  can  be 
identified,  so  that  its  performance  records  may  be  compared  with 
those  of  other  progenies  and  of  the  parent  trees. 

The  performance  records  of  a  number  of  these  commercial  progeny 
plantings  indicate  that  in  some  of  the  progenies  the  characteristics 
of  the  parent  trees  have  been  perpetuated  more  uniformly  than  is 
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the  case  in  other  progenies.  The  individual  trees  which  have  consist- 
ently borne  the  heaviest  crops  of  desirable  fruits  in  the  most  uni- 
formly superior  progenies  have  been  selected  for  further  propagation, 
and  the  individual-tree  performance  records  in  several  orchards  of 
this  second  bud  selection  indicate  that  further  improved  production 
has  been  obtained  in  this  way. 

The  individual-tree  performance  record  is  the  basis  for  the  selection 
of  apparently  superior  parent  trees  as  sources  of  budwood  for  the 
development  of  superior  strains.  Methods  for  obtaining  such  records 
have  been  described  in  Farmers'  Bulletin  794  (IS). 

In  several  commercial  Washington  Navel  progeny  plantings  in 
California  where  commercial  individual- tree  performance  records 
have  been  obtained,  about  50  per  cent  of  the  total  number  of  trees 
on  the  average  have  been  considered  satisfactory  sources  of  buds  for 
further  propagation,  whereas  in  the  orchards  where  the  parent  trees 
were  located  less  than  1  per  cent  of  the  trees  were  selected  for  propa- 
gation. In  some  particularly  desirable  progenies  more  than  75  per 
cent  of  the  trees  have  been  used  as  sources  of  selected  bud  wood. 

The  general  application  of  the  results  of  these  investigations  has 
led  to  greatly  improved  yields  and  more  profit  from  the  culture  of 
the  Washington  Navel  orange.  This  variety  has  been  stabilized 
through  the  isolation  and  propagation  of  the  best  strain  and  the  elim- 
ination of  the  undesirable  ones.  The  performance  records  which  are 
being  obtained  in  commercial  orchards  of  this  variety  which  were 
propagated  from  superior  parent  trees  and  limb  variations  indicate 
that  better  yielding  strains  have  been  obtained  than  any  heretofore 
in  cultivation. 

Progeny  tests  of  a  number  of  striking  and  apparently  valuable 
limb  variations  in  otherwise  normal  Washington  Navel  orange  trees 
are  now  being  conducted  at  several  locations  in  the  Southwest.  In 
most  instances  the  fruits  of  the  parent-limb  variations  and  the  prog- 
eny trees  propagated  from  them  have  one  or  more  characteristics 
which  are  considered  to  be  improvements  upon  the  normal  Washing- 
ton strain  fruits  for  commercial  production.  So  far  as  these  tests 
have  gone,  the  results  indicate  that  improved  strains  have  been 
isolated  which  will  be  of  commercial  value  at  least  in  certain  districts, 
and  they  show  the  importance  of  a  study  of  all  apparently  valuable 
limb  variations  by  means  of  the  progeny-test  method  and  commercial 
orchard  experience. 

REPLACING  TREES  OF  UNDESIRABLE  STRAINS 

The  trees  of  undesirable  strains  in  bearing  Washington  Navel 
orange  orchards  can  be  replaced  by  either  one  of  two  proved  methods, 
viz,  by  top-working  or  by  replanting.  Each  of  these  methods  has 
been  used  successfully,  both  experimentally  and  commercially,  in 
the  course  of  these  investigations. 

The  identification  of  the  inferior-strain  trees  for  top-working  or 
replacement  in  the  orchard  should  be  based  upon  their  performance 
records.  Where  it  is  not  practicable  to  obtain  individual-tree  records 
of  actual  production  it  has  been  found  that  estimate  records  of  the 
individual-tree  yields  before  they  have  been  picked  are  satisfactory 
for  the  purpose  of  locating  the  undesirable-strain  trees.  Methods  of 
obtaining  such  records  are  described  in  Farmers '  Bulletin  794  (13). 
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Detailed  directions  for  top-working  the  inferior  trees  are  given  in 
Farmers'  Bulletin  1447  (17).  It  is  important  that  all  new  growth  of 
the  top-worked  trees  be  carefully  removed  from  time  to  time  except- 
ing that  from  the  inserted  buds.  Many  thousands  of  trees  of  undesir- 
able strains  have  been  successfully  top-worked  in  the  Washington 
Navel  orchards  of  California  during  the  period  covered  by  these 
investigations,  and  the  production  of  these  orchards,  both  as  to 
quantity  and  quality  of  fruit,  has  been  materially  improved  as  a 
result  of  this  work. 

In  some  of  the  old  orchards  which  have  trees  of  undesirable  strains, 
replanting  with  desirable  young  Washington  strain  trees  has  been 
found  to  be  preferable  to  the  top-working  method  of  replacement, 
especially  where  the  inferior-strain  trees  have  been  injured  by  disease 
or  in  other  ways.  The  treatment  and  care  of  the  replanted  trees  are 
described  in  Farmers'  Bulletin  1447  (17).  In  a  few  instances  under 
recent  observation  desirable  trees  of  the  Washington  strain  up  to 
12  years  of  age  have  been  used  for  replacing  inferior-strain  trees  in 
old  orchards,  and  the  results  of  the  practice  of  replanting  with  older 
trees  thus  far  indicate  that  it  has  been  successful  under  the  conditions 
where  it  has  been  used. 

SUMMARY 

The  Washington  Navel  orange  variety  was  introduced  into  the 
United  States  from  Bahia,  Brazil,  in  1870,  by  the  United  States 
Department  of  Agriculture,  and  two  trees  propagated  from  this  intro- 
duction were  sent  to  Mrs.  EUza  Tibbets,  at  Riverside,  Calif.,  in  1873. 
From  this  beginning  the  Washington  Navel  orange  industry  of  the 
Southwest  has  developed,  largely  within  the  last  35  years,  until  the 
variety  is  now  one  of  the  most  important  and  extensively  grown  citrus 
fruits  in  the  United  States. 

The  individual-tree  performance-record  studies  of  bearing  trees  of 
the  Washington  Navel  orange  which  have  been  made  in  several  or- 
chards in  southern  California  since  1909  have  shown  that  these  groves 
consist  of  at  least  20  strains  of  commercial  importance  with  5  or  more 
others  of  less  economic  consequence.  The  trees  of  each  of  these  strains 
have  fruit  or  vegetative  characteristics,  or  both,  which  serve  to  dis- 
tinguish them  from  all  other  trees  of  the  variety. 

About  25  per  cent  of  the  total  number  of  trees  studied  in  the  original 
orchards  in  which  these  investigations  have  been  conducted  were 
found  to  be  of  undesirable  strains  having  consistently  low  yields,  or 
bearing  fruits  of  poor  quality,  or  both,  such  as  those  of  the  Australian, 
Unproductive,  Corrugated,  Pear-Shape,  Sheepnose,  Flattened,  Dry, 
and  other  inferior  strains.  The  presence  of  these  trees  reduced  the 
quantity  and  quahty  of  the  crops  of  these  orchards  about  in  propor- 
tion to  their  number,  and  added  to  the  expense  of  preparing  the  crop 
for  the  market  by  reason  of  the  cost  of  assorting  and  grading  the  fruits 
in  the  packing  houses.  When  accidentally  included  in  the  packed 
boxes  the  fruits  of  the  trees  of  the  undesirable  strains  had  a  detri- 
mental effect  upon  the  market  reputation  of  the  variety  as  a  whole. 

Limb  variations  in  which  the  fruit  and  foliage  characteristics  were 
strikingly  different  from  those  of  the  normal  lunbs  of  the  same  trees 
were  found  in  certain  Washington  Navel  trees  during  these  investiga- 
tions, and  when  once  identified  they  were  easily  recognized  during 
subsequent  studies. 
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The  similarity  of  the  fruits  and  foHage  of  the  Umb  variations  to 
those  of  entire-tree  variations  in  estabhshed  orchards  suggested  the 
probabihty  that  the  tree  variations  were  the  result  of  the  unintentional 
propagation  in  commercial  nursery  practice  of  limb  variations  occur- 
ring in  trees  otherwise  normal.  In  order  to  obtain  definite  evidence  on 
this  subject,  propagations  of  a  number  of  limb  variations  and  of  normal 
limbs  in  the  same  parent  trees  were  made  in  1915,  and  the  resulting 
progeny  trees  were  planted  at  Riverside  in  the  orchard  of  the  Citrus 
Experiment  Station  of  the  University  of  California  in  1917.  The 
results  of  these  progeny  tests  as  shown  by  the  performance  records 
of  the  trees  for  the  fruiting  period  1920-21  to  1927-28,  inclusive,  are 
presented  in  this  bulletin,  together  with  notations  and  observations 
on  the  development  of  the  progeny  trees  during  their  entire  growth. 

In  the  study  of  the  limb  variations  of  the  Washington  Navel  trees 
two  conditions  of  development  have  been  found:  (1)  Stable  ones  or 
those  in  which  the  fruit  and  foliage  characteristics  are  uniform  for  the 
entire  limb,  and  (2)  unstable  ones  in  which  normal  fruit  or  foliage 
occurs  as  well  as  that  typical  of  the  variation. 

The  vegetative  growth  and  the  fruits  of  the  progeny  trees  which 
were  propagated  from  the  stable  limb  variations  have  been  relatively 
uniform  throughout,  whereas  the  foliage  and  fruits  of  the  progeny 
trees  which  were  propagated  from  the  unstable  limb  variations  have 
been  variable  and  typical  of  the  fruit  and  foliage  characteristics  of  the 
parent  limbs.  The  stable  and  unstable  conditions  of  growth  and  fruit- 
ing of  the  parent  limbs  have  been  perpetuated  in  their  progenies 
through  bud  propagation,  indicating  that  these  conditions  are  inher- 
ent ones. 

The  performance  records  of  the  low-yielding  progenies  which  w^ere 
propagated  from  the  unproductive  limb  variations  indicate  that  quan- 
tity of  fruit  is  an  inherent  characteristic  which  may  occur  as  limb  varia- 
tions and  which  can  be  perpetuated  through  bud  propagation.  The 
unintentional  propagation  of  such  limb  variations  in  commercial 
nursery  practice  where  systematic  bud  selection  has  not  been  used  in 
the  selection  of  superior  parent  trees  probably  explains  the  origin  of 
the  consistently  unproductive  trees  studied  in  these  investigations  and 
those  observed  in  other  orchards  of  this  variety. 

The  progeny  trees  that  were  propagated  from  limb  variations  hav- 
ing fruit  and  foliage  strikingly  dilTerent  in  one  or  more  characteristics 
from  those  of  the  normal  limbs  of  the  same  parent  trees  have  devel- 
oped fruits  and  foliage  similar  to  those  of  the  parent-limb  variations. 
These  fruit  variations  include  differences  in  shape,  size,  texture,  and 
thickness  of  the  rinds,  color,  blemishes,  proportion  and  nature  of  the 
rag,  quantity  and  flavor  of  the  juice,  size  of  the  navel  and  the  navel 
opening,  and  other  characteristics  which  are  important  as  regards  the 
commercial  quality  and  value  of  the  fruit. 

The  vegetative  variations  include  those  which  have  an  excessive 
growth,  an  abnormal  number  of  large  nonfruiting  branches,  those 
with  small  and  sharply  pointed  leaves,  variegated  leaves  and  twigs, 
and  rolled  leaves. 

During  recent  years  tree-estimate  studies  in  commercial  Washing- 
ton Navel  orchards,  in  which  the  trees  were  propagated  from  superior 
parent  trees  selected  as  sources  of  buds  on  the  basis  of  their  consistent 
production  of  uniformly  good  fruits,  show  an  almost  entire  absence 
of  trees  of  undesirable  strains,  whereas  in  a  few  comparable  orchards 


BUD   SELECTION   IN   THE   WASHINGTON   NAVEL   ORANGE  69 

where  the  trees  were  not  propagated  from  systematically  selected 
buds  an  economically  important  percentage  of  trees  of  inferior  strains 
have  been  found.  These  studies  indicate  the  value  of  the  systematic 
selection  of  productive  and  uniformly  good-fruiting  normal  parent 
trees  as  sources  of  buds  for  propagation  and  the  perpetuation  of  the 
desirable  characteristics  of  superior  producing  trees  through  bud 
propagation.  They  also  indicate  that  the  mixed  stock  in  many  Wash- 
ington Navel  orchards  has  been  due  to  the  unintentional  cutting  of 
bud  wood  from  limb  variations. 

Other  striking  bud  variations  and  progeny  trees  propagated  from 
them  in  addition  to  those  described  in  detail  in  this  bulletin  have 
been  studied,  but  on  account  of  their  infrequent  occurrence  or  ap- 
parent minor  importance  have  been  only  briefly  mentioned.  The 
performance  records  of  these  variations  in  every  instance  show  that 
the  characteristics  of  the  parent  limbs  have  been  perpetuated  in  the 
progeny  trees  through  budding. 

The  performance  records  of  progeny  plantings  of  Washington 
Navel  trees  propagated  from  parent  trees  selected  on  the  basis  of 
their  consistent  production  of  heavy  crops  of  uniformly  good  fruits 
indicate  the  probabihty  that  superior  yielding  strains  of  this  variety 
have  been  isolated  through  systematic  bud  selection. 

The  progeny  propagations  of  several  valuable  Kmb  variations  of 
Washington  Navel  trees  which  produce  fruits  having  one  or  more 
improved  quality  characteristics  as  compared  with  the  normal  Wash- 
ington strain  fruits  show  the  possibility  of  isolating  strains  from  limb 
variations  in  which  the  trees  produce  a  superior  quality  of  fruit. 

Replacing  trees  of  undesirable  strains  in  established  orchards 
through  top-working  and  replanting  has  been  successfully  accom- 
plished in  many  instances.  Such  trees  have  been  given  special  atten- 
tion and  cultural  care  for  several  years  in  order  to  provide  the  proper 
conditions  for  their  growth  and  development  in  competition  with 
near-by  larger  trees.  The  results  have  been  an  improvement  in  the 
quality  and  value  of  the  crops  through  the  elimination  of  the  estab- 
lished trees  of  undesirable  strains. 

The  value  of  the  application  of  the  results  of  these  investigations 
to  the  Washington  Navel  orange  industry  includes:  (1)  Maintaining 
the  efficiency  of  this  proved  variety  through  the  propagation  of  uni- 
form progeny  trees  of  the  valuable  Washington  strain  from  superior 
parent  trees  selected  as  sources  of  bud  wood  on  the  basis  of  their 
performance  records,  and  avoiding  the  unintentional  propagation  of 
undesirable  limb  or  entire-tree  variations;  (2)  improving  the  quality 
and  quantity  of  production  of  established  orchards  through  replacing 
the  undesirable  strain  trees  with  desirable  ones  by  top-working  or 
replanting  them;  (3)  the  isolation  through  progeny  tests  of  improved 
strains  from  valuable  limb  or  entire-tree  variations  which  have  an 
inherent  tendency  to  produce  more  fruits  of  superior  quality  for  com- 
mercial purposes  than  the  normal;  (4)  the  use  of  the  progeny-test 
method  for  determining  the  relative  value  of  bud  variations  and  strains 
arising  from  them  for  local  orchard  conditions. 
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INTRODUCTION 

The  breeder,  the  plant  propagator,  and  the  grower  are  all  inter- 
ested in  the  influences  that  affect  the  production  of  runners^  by 
strawberry  plants.  The  breeder  needs  the  information  in  order  to 
judge  the  value  of  a  new  sort  for  the  conditions  under  which  it  is 
being  grown.  The  propagator  is  interested  because  he  wishes  the 
greatest  number  of  salable  plants  per  acre.  The  grower  needs  the 
same  information  as  the  breeder  and  the  propagator,  but  in  addition 
he  needs  much  more  information  on  the  later  development  of  the 
plants. 

This  bulletin  presents  the  results  of  several  studies  dealing  with 
different  phases  of  runner  and  runner-plant  production  and  develop- 
ment, together  with  a  brief  review  of  the  information  published  on 
the  subject.  There  is  now  a  general  interest  in  bud  selection  in  all 
fruits.  Negative  results  only  have  been  obtained  from  all  investi- 
gational work  on  the  value  of  bud  selection  in  the  strawberry.  Such 
results  have  centered  interest  in  the  causes  for  the  very  obvious 
differences  in  fruit  and  runner  production  of  different  runner  plants 
of  the  same  variety.  This  in  turn  has  directed  attention  to  the 
physiology  and  development  of  the  strawberry  plant.  White  {ISy 
has  already  published  the  results  of  studies  of  the  anatomy  of  the 

1  A  runner  is  a  slender  procumbent  stem  with  elongated  bare  internodes  which  forms  a  new  plant  at 
its  tip.  In  this  bulletin  the  term  "runner  series"  is  applied  to  the  several  runners  and  runner  plants  which 
extend  from  the  mother  plant  in  any  one  direction,  as  from  runners  1  to  11  in  Figures  10  and  11. 

« Reference  is  made  by  italic  numbers  in  parentheses  to  "Literature  cited,"  p.  27. 
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strawberry  from  the  physiological  viewpoint  and  the  writer^  the 
results  of  studies  of  their  growth  and  development.  Additional 
information  bearing  on  other  phases  of  the  physiological  behavior  of 
the  strawberry  is  presented  in  a  paper  on  sterility  (Ji)  and  in  a  study 
of  inflorescence  types  .^ 

THE   RUNNER   BRANCH 

Seedling  strawberries  make  their  first  top  growth  by  means  of  a 
very  slight  elongation  of  the  stem  and  by  the  addition  of  new  leaves. 
Later,  some  of  the  buds  located  in  the  axils  of  the  leaves  begin  to 
develop.  These  buds  are  new  growing  points  which  may  produce 
any  one  of  three  types  of  branches — a  secondary  crown,  a  runner,  or 
an  inflorescence.  Seedlings  of  the  common  horticultural  varieties 
usually  produce  secondary  crowns  first,  runners  next,  and  inflores- 
cences last  from  these  new  growing  points.     Seedlings  of  ever-bear- 
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Figure  1.— Inflorescences  of  Fragaria  sp.  (from  Manchuria)  which  apparently  started  as  runners, 
the  tips  of  which  were  transformed  into  flower  buds.    Photographed  September  15, 1927 

ing  varieties,  however,  may  produce  inflorescences  when  a  few  weeks 
old,  before  any  runners  are  produced.  Among  the  ever-bearing 
seedlings  grown  in  the  breeding  work  of  the  Bureau  of  Plant  Industry 
there  have  been  many  that  produced  no  runners  whatsoever.  Such 
plants  produced  new  crowns,  which  are  merely  branches  of  the  pri- 
mary stem  and  like  it  in  structure  rather  than  runners,  which  (though 
they  are  branches  also)  have  a  different  structure.  Similar  runner- 
less  plants  have  been  grown  from  seed  of  Fragaria  vesca  semper- 
florens,  the  alpine  strawberry  of  Europe.  Runnerless  varieties  of  the 
latter  have  long  been  in  the  trade. 

Inflorescences  which  bear  a  remarkable  resemblance  to  runners 
and  which  may  be  intermediate  forms  are  sometimes  produced. 
Figure  1  shows  an  inflorescence  which  apparently  started  as  a  runner 
but  which  changed  to  an  inflorescence.     Figure  2  shows  an  inflores- 

»  Darrow,  O.  M.    experimental  studies  on  growth  and  development  in  strawberry  plants, 
[Unpublished  manuscript.] 
«  Darrow,  G.  M.    inflorescence  types  of  strawberry  varieties.    [Unpublished  manuscript.] 
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cence  rooting  at  the  nodes  and  Figure  3  an  inflorescence  which  has 
produced  adventive  vegetative  buds  and  new  plants.  Figure  4  shows 
another  inflorescence  that  apparently  started  as  a  runner,  then  pro- 
duced a  berry,  and  finally  became  vegetative  again.  In  this  case  the 
tip  of  what  is  known  as  the  berry,  but  which  is  actually  the  receptacle, 
continued  to  grow  and  produced  a  new  crown  with  several  leaves. 
In  October,  1926,  plants  of  several  selections  resulting  from  breeding 
work  were  sent  to  Florida  for  trial.  When  they  began  blossoming 
and  fruiting,  A.  N.  Brooks,  of  the  Florida  Agricultural  Experiment 
Station,  reported  that  many  flowers  and  fruits  were  producing  the 
same  teratological  form  as  that  shown  in  Figure  4.  Apparently, 
either  the  digging  of  plants  in  a  certain  stage  of  fruit-bud  transfor- 
mation or  the  conditions  in  Florida  so  affected  the  flower  bud  that  its 
center  was  changed  back  to  a  vegetative  bud. 


Figure  2.— An  inflorescence  of  the  Missionary  strawberry  which  is  sending  out  adventive  roots  at 
the  nodes.  Varieties  are  said  to  occur  in  which  a  runner  is  commonly  produced  in  place  of  some 
part  of  the  inflorescence 


The  same  condition — that  is,  the  transformation  from  a  reproduc- 
tive to  a  vegetative  growth  but  expressed  in  a  different  way — is 
shown  in  Figure  3,  where  roots  have  been  produced  at  the  nodes  of  an 
inflorescence. 

Branch  crowns,  runners,  and  inflorescences  are  simply  different 
stem  structures,  any  one  of  which  may  be  produced  by  any  of  the 
growing  points  in  leaf  axils,  depending  on  the  genetic  constitution  of 
the  variety  and  on  the  conditions  influencing  the  plant,  and  it  is  not 
surprising  that  intermediate  forms  are  produced. 

In  the  vicinity  of  the  District  of  Columbia  the  usual  horticultural 
varieties  commonly  produce  runners  throughout  the  summer,  although 
occasionally  they  produce  branch  crowns.  Except  very  rarely,  these 
runners  are  regularly  two  internodes  in  length  and  may  be  40  or  more 
centimeters  long.  (Fig.  5.)  Occasionally  a  runner  with  one  short 
internode  is  producedt(fig.  6,B),  usually  underground.     Such  runners 
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may  be  produced  experimentally  by  pinching  off  the  ends  of  very 
young  runners  just  beyond  the  first  node.  Although  usually  a  branch 
runner  appears,  occasionally  a  plant  is  produced. 

Runners  produced  by  different  varieties  differ  greatly  in  their 
length,  thickness,  time  of  production,  and  in  other  ways.  Varieties 
with  rather  long  runners  are  generally  preferred  over  those  with  short 
ones  because  the  plants  in  matted  beds  can  be  spaced  more  easily. 
The  Dunlap  and  Klondike  sorts  have  been  and  are  widely  grown  in 
the  North  and  South,  respectively.  They  are  characterized  by  long 
runners,  although  in  both  sorts  their  length  lacks  uniformity.  The 
average  length  of  114  runners  of  Dunlap  measured  November  19, 
1926,  was  25  centimeters;  that  of  111  runners  of  Klondike  measured 
on  the  same  day  was  25  centimeters  also.     The  length  of  the  first  and 
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Figure  3.— A  plant  of  a  species  of  strawberry  from  Manchuria  which  produced  on  the  inflorescence 
adventive  buds  that  developed  into  new  plants 

second   internodes   of   runners   of   these   varieties   was   exceedingly 
variable,  but  on  the  average  was  approximately  equal. 

All  varieties  produce  at  the  first  node  a  scale,  in  the  axil  of  which 
is  a  bud.  Most  of  these  buds  do  not  develop,  but  those  that  do 
develop  usually  produce  branch  runners.  Such  runners  may  occur  in 
any  part  of  a  clon,  even  on  the  last  runners  to  form  in  the  fall. 


Table  1.- 

—Comparative  number  of  branch  runners  produced  by  different 
of  strawberry 

varieties 

Variety 

Number 

of 
branch 
runners 

Total 
number 

of 
runners 

Howard  17... 

4 
49 
67 

414 

Klondike--. 

388 

Missionary 

422 

ETJNNERS  AND  RUNNER  PLANTS  IN  THE  STRAWBERRY  O 

In  some  varieties  branch  runners  are  commonly  produced ;  in  others 
rarely.  In  a  count  made  July  14,  1925,  three  varieties  had  produced 
branch  runners,  as  shown  in  Table  1 . 

Of  these  three  varieties,  Missionary  apparently  produces  branch 
runners  most  frequently.  Branch  runners  are  often  very  much 
smaller  than  the  runners  upon  which  they  occur,  and  for  this  reason 
branching  is  apparently  an  undesirable  genetical  characteristic  under 
ordinary  conditions. 

In  all  varieties  roots  and  leaves  are  produced  at  the  second  runner 
node  and  a  new  runner  plant  is  formed.  (Figs.  6,  A,  and  7.)  The  first 
leaf  appearing  at  the  second  node — the  end  of  the  runner — is  usually 
small,  often  scarcely  more  than  a  bract.  (Fig.  6.)  Its  axillary  bud, 
however,  is  in  an  especially  favorable  place,  for  whenever  growth 
is  rapid  in  the  mother  plant  or  in  the  clon  this  bud  may  develop  into 
a  runner  even  before  the  second  leaf  (the  first  to  function  fully  as 
such)  has  entirely  unfolded.  The  new^  runner  is  a  branch  of  the  runner 
plant,  not  a  mere  extension  of  the  runner  from  the  mother  plant. 


Figure  4.— A  strawberry  fruit  from  the  apex  of  which  a  new  plant  is  growing.  In  this  case  the 
fruit  bud  transformed  into  a  vegetative  bud.  Photographed  September  15,  1927.  Species  same 
as  in  Figure  1 

(See  Gay  {6),  White  (18),  and  fig.  7.)  Appearing  in  the  axil  of  the 
first  leaf  and  above  it,  the  runner  presses  this  leaf  to  the  ground  so 
that  it  soon  decays. 

According  to  Gay  (6),  Fragaria  viridis  {F.  collina),  a  species  from 
central  Europe,  differs  from  all  other  species  in  that,  although  the 
first  runner  from  a  mother  plant  has  two  internodes  with  a  plant  at 
its  tip,  the  runner  that  extends  the  runner  series  farther  produces  a 
plant  from  each  axillary  bud.  The  second  runner  in  each  runner 
series  of  this  species  is  therefore  composed  of  several  internodes,  with 
an  axillary  plant  at  each  node. 

As  would  be  expected  from  a  knowledge  of  the  phyllotaxy  of  the 
strawberry,  the  second  leaf  appears  at  an  angle  of  about  144°  to  the 
first,  and  the  second  runner  developing  from  its  axillary  bud  extends 
in  a  different  direction  from  that  of  the  first,  just  as  is  the  case  with  the 
runners  of  the  mother  plant. 

During  July,  1926,  plants  and  clons  of  Fragaria  cJiiloensis  growing  on 
the  beaches  of  Washington,  Oregon,  and  California  were  examined. 
The  season  had  been  drier  than  usual,  so  that  little  soil  moisture  was 
evident  in  the  upper  12  inches  of  sand  at  many  places  where  plants 
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were  growing.  Kunner  series  more  than  10  feet  in  total  length 
were  collected  on  which  not  a  single  plant  had  rooted.  Moreover,  sev- 
eral runner  series  nearly  as  long  had  been  produced  by  single  mother 
plants,  and  all  the  runner  plants  were  entirely  dependent  on  the 
mother  plants  for  nutrients  and  water.  (Fig.  7.)  In  the  latter  part 
of  September,  1926,  additional  collections  were  made  by  G.  F.  Waldo, 
among  which  was  one  runner  series  16  feet  long  with  a  few  small 
roots  on  some  of  its  10  runner  plants. 

In  the  ever-bearing  varieties  of  the  strawberry  fruit  buds  often  form 
in  leaf  axils  in  place  of  runners.  This  may  occur  on  runner  plants 
that  have  not  yet  rooted,  and  such  runner  plants  may  have  as  many  as 
three  inflorescences  and  bring  fruit  to  maturity  without  having  rooted. 
Sometimes  all  buds  on  a  runner  plant,  or  all  except  those  in  the  axils 
of  the  first  leaves,  become  flower  buds.    (Figs.  8  and  9.)    When  all  buds 


FiGUBK  5.— Long  runner  series  of  Fragaria  chiloensis  on  sand  dunes  of  the  beach  near  Saltair, 
Greg.  Runner  series  10  feet  long  were  found  on  which  no  plants  had  rooted.  All  of  the  runner 
plants  in  the  illustration  are  entirely  dependent  on  the  mother  plant 

develop  into  inflorescences  or  runners  there  can  be  no  further  develop- 
ment of  the  plant  unless  an  adventitious  bud  should  be  produced. 

To  determine  whether  the  relation  between  runner  and  mother 
plants  was  similar  to  that  between  different  crowns  on  the  same  plant, 
several  plants  each  having  two  crowns  were  selected  in  which  the  sup- 
porting roots  were  produced  directly  from  the  base  of  each  crown. 
All  the  roots  from  the  base  of  one  crown  of  each  plant  were  removed 
and  the  plants  reset.  No  effects  of  this  treatment  could  be  observed  in 
the  development  of  the  two  crowns.  Those  having  their  roots  re- 
moved developed  fully  as  rapidly  as  their  sister  crowns,  and  after  some 
weeks  new  roots  pushed  out  to  replace  those  removed.  Mother 
plants  may  have  their  roots  cut  off  and  be  entirely  supported  for 
months  by  water  and  nutrients  from  rooted  runner  plants.  As  pointed 
out  by  White,  the  vascular  systems  of  both  runners  and  crowns  have 
ample  connection  with  that  of  the  parent  crown  to  furnish  such 
support. 
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TIME   OF   APPEARANCE    OF   RUNNERS 

Development  of  strawberry  plants  set  in  the  spring  takes  place  not 
only  by  the  production  of  leaves  but  also  by  the  production  of  runners 
and  runner  plants.  In  spring-set  plantations  in  northern  regions 
runners  begin  to  appear  in  May  or  June,  and  with  most  varieties 
runner  production  continues  until  the  end  of  the  growing  season. 


Figure  6.— A,  A  strawberry  runner  plant,  showing  its  small  first  leaf  from  the  axil  of  which  has  been 
produced  the  runner  to  the  left.  New  roots  are  pushing  out  from  the  base  of  this  leaf.  B,  A 
strawberry  plant  with  a  short  runner  with  a  single  internode  (at  the  right)  and  at  the  left  a  runner 
with  the  usual  two  internodes 

In  1-year-old  fruiting  plantations,  however,  runner  production  does 
not  usually  occur  until  toward  the  end  of  the  cropping  season  or  after- 
wards. If  the  climatic  conditions  are  favorable  for  a  vigorous  leaf 
development  runners  may  be  produced  by  the  time  the  first  fruit  is 
mature,  or  this  may  occur  even  earlier  with  many  varieties. 


s 
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In  Florida  and  southern  Louisiana,  where  growth  may  continue 
throughout  the  year,  the  crop  of  the  Missionary  and  Klondike  vari- 
eties is  produced  by  plants  set  in  the  preceding  fall.  If  the  planting 
is  done  after  a  somewhat  definite  date  (about  October  1  to  10  in  cen- 
tral Florida)  few  runners  are  produced  even  though  growth  is  vigorous. 
Earlier  set  plants,  however,  may  produce  runners.  Apparently  sorne 
condition,  such  as  length  of  day  or  temperature,  affects  the  plants  in 
such  a  way  as  to  inhibit  runner  formation  on  most  plants  set  after 
this  time  in  the  fall.  On  the  other  hand,  plants  of  these  varieties  in 
Florida  when  set  in  February  may  start  forming  runners  in  March, 
and  these  may  continue  to  form  until  the  following  fall. 

In  the  greenhouse  at  Johns  Hopkins  University  in  Baltimore,  Md., 
plants  of  several  varieties  set  in  February  have  produced  runners 
freely  as  early  as  April.  When  brought  into  the  greenhouse  in  Wash- 
ington in  October  some  of  the  vesca  group  (alpine  varieties,  Fragaria 
vesca  americana  alba,  and  a  species  from  Manchuria)  produced  runners 


Figure  7.— A  strawberry  runner  tip  which  has  formed  a  new  plant  with  a  runner  in  the  axil  of  its 
first  leaf  (picked  off) .    The  new  runner  is  in  an  especially  favorable  place  for  food  supply 

freely  from  December  to  March.  F.  cJiiloensis  from  the  coast  of  Oregon 
and  Little  Scarlet  also  produced  some  runners  in  December,  whereas 
varieties  such  as  Dunlap,  Howard  17,  Marshall,  and  many  others 
produced  none  whatever  during  the  winter. 

In  England,  Mann  and  Ball  (14)  noted  on  May  28,  1925,  the 
appearance  of  runners  on  plants  set  September  2  of  the  previous 
year.  These  were  produced  from  axils  of  leaves  that  had  opened  in 
early  spring.  On  June  26  the  average  number  of  runners  on  de- 
florated  plants  of  this  lot  was  5.4.  On  the  same  date  the  average 
number  of  runners  on  plants  set  April  7,  1925,  was  1  per  plant. 

Goff  (9)  states  that  the  runners  begin  to  form  as  early  in  the  spring 
as  the  new  leaves  begin  to  grow,  although  they  do  not  attain  sufficient 
length  to  attract  attention  until  some  time  afterwards.  However, 
runner  development  is  not  evident  in  the  field,  at  least  usually,  for 
several  weeks  after  setting  and  is  apparently  correlated  with  the 
appearance  of  new  leaves  produced  by  new  growing  points,  as  well 
as  with  the  size  and  vigor  of  the  plants. 


RUNNERS  AND  RUNNER  PLANTS  IN  THE  STRAWBERRY  U 

EFFECT    OF   NUTRIENTS    ON   RUNNER   AND   RUNNER-PLANT 

PRODUCTION 

In  an  experiment  on  the  effect  of  nitrate  of  soda  on  runner  pro- 
duction, Macoun  (13)  has  recorded  the  number  of  plants  formed  on 
several  plots  of  the  Parsons  variety  at  Ottawa,  Canada,  on  July  15, 
August  1 ,  August  15,  and  September  1 .  His  plots  comprised  three  rows 
each  15  feet  long,  and  these  were  replicated  three  times.  On  August 
1  the  plots  receiving  nitrate  of  soda  at  planting  and  one  month  after 
planting  did  not  contain  as  many  runner  plants  as  those  to  which 
it  was  not  applied  until  after  that  date.  Plots  receiving  nitrate  of 
soda  on  August  15,  September  15,  and  later  were  relatively  no  better 
than  the  check.  In  this  experiment  this  variety  had  formed  5  per 
cent  of  its  runner  plants  by  July  15,  25  per  cent  by  August  1,  54 
per  cent  by  August  15,  and  nearly  all  the  rest  by  September  1. 


Figure  8.— Terminal  bud  of  a  runner  strawberry  plant  (at  the  right)  which  developed  into  a 
flower  bud  as  soon  as  the  first  leaf  had  been  differentiated.  The  runner  plant  at  the  left  de- 
veloped a  second  leaf  before  the  terminal  became  a  fruit  bud.    June,  1926 

Tucker  (17)  obtained  somewhat  similar  results  with  fertihzer  on 
the  Howard  17  variety  in  New  Hampshire.  In  green-manure  plots 
not  as  many  new  plants  (14.4  plants  each)  were  formed  as  in  the 
control  plots  (20  each)  or  in  the  plots  to  which  chemical  fertilizers 
were  ^dded.  Plants  given  stable  manure  alone  at  the  rate  of  32 
tons  per  acre  produced  the  largest  number  of  new  plants  (48.7), 
whereas  plants  given  8,  16,  and  24  tons  of  stable  manure  per  acre 
to  which  complete  fertilizers  were  added  produced  an  average  of 
only  23.9,  25.3,  and  36.9  plants  each,  respectively.  He  concluded 
that  chemical  fertihzers  were  injurious  to  the  vegetative  growth  of 
strawberries. 

Loree  (11),  in  his  studies  of  nutrient  requirements  of  the  straw- 
berry, records  the  runner  production  of  potted  plants  of  Dunlap 
which  were  given  different  fertilizer  applications  and  from  which 
31312—29 2 
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runners  were  picked  each  time  records  were  taken.  Runner  pro- 
duction was  first  recorded  on  June  8  and  the  last  on  September  5. 
Few  runners  appeared  after  September  1.  All  plants  to  which 
nitrogen  (in  the  forms  of  nitrate  of  soda  and  sulphate  of  ammonia) 
was  applied  on  May  10  produced  runners  freely  throughout  the 
season.  Nitrogen  applications  on  August  1,  when  none  had  been 
applied  earlier,  were  not  effective  in  stimulating  runner  production. 
Phosphoric  acid,  or  phosphoric  acid  and  potash,  likewise  was  not 
effective  in  stimulating  such  production.  The  two  lots  producing 
the  most  runners  formed  12  per  cent  of  the  total  number  in  June, 
35  per  cent  in  July,  57  per  cent  in  August,  and  2  per  cent  in  Sep- 
tember. 

It  is  evident  from  Loree's  work  that  some  nitrogen  is  needed  for 
runner-plant  production,  but  the  tests  of  Tucker  and  Davis  indicate 
that  if  applied  in  an  inorganic  form  there  is  danger  of  making  ap- 


FiGURE  9.— Two  runner  strawberry  plants  each  of  which  having  produced  a  runner  from  the  bud 
in  the  axil  of  the  first  leaf  and  an  inflorescence  from  the  axillary  bud  of  the  second  leaf  then  pro- 
duced a  fruit  bud  from  the  terminal.  No  further  development  of  plants  can  take  place,  as  there 
are  no  growing  points  left  on  either.    June,  1926 

plications  too  heavy.  Tucker  found  stable  manure  to  be  the  only 
fertilizer  that  increased  plant  production.  Because  green  manure 
hindered  plant  production  it  is  possible  that  his  soils  were  not  pro- 
perly aerated  and  that  toxins  were  produced.  In  describing  the  use 
of  fertilizers  to  stimulate  plant  production  a  member  of  a  large 
strawberry-plant  propagating  firm  of  Maryland  stated  that  in  their 
experience  bone  and  fish  meal  were  helpful  but  nitrate  of  soda  was 
injurious.  Apparently,  organic  sources  of  nitrogen  for  plant  produc- 
tion have  given  best  results. 

RUNNER   AND   RUNNER-PLANT   PRODUCTION   BY   VARIETIES 

In  the  study  of  the  growth  and  development  of  strawberry  plants 
heretofore  referred  to,^  10  plants  of  nine  varieties  which  were  rooted 
the  previous  year  at  about  the  same  date  were  set  on  April  1,  1925, 
at  the  United  States  Plant  Field  Station  at  Bell  (near  Glenn  Dale), 


«  Darrow,  G.  M.     Op.  cit. 
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Md.  Runner  and  runner-plant  production  records  were  taken  on 
these  during  the  following  summer  and  are  given  in  Tables  2  and  3. 
Runners  were  also  removed  on  July  14  and  at  intervals  thereafter 
untn  August  31  from  a  larger  number  of  plants  of  the  same  nine 
varieties  which  were  also  set  April  1  and  in  the  same  rows.  Records 
of  runner  production  by  these  mother  plants  are  given  in  Table  4. 
Runner  plants  were  allowed  to  develop  on  alternate  plants  in  a  part 
of  each  row,  and  the  average  total  number  of  runner  plants  formed 
in  each  clon  are  given  in  Table  5. 

Table  2. — Runner   and   runner-plant   production   of  Howard   17   and   Klondike 
strawberry  varieties  at  Glenn  Dale,  Md.,  in  1925 

Average  of  five  plants  in  each  lot  except  in  September,  as  noted.     In  the  record  of  runner  production 
from  mother  plants,  runners  were  removed  June  24  and  at  each  date  of  record  thereafter] 


Number  of  runners  or  runner  plants 
'    produced— 

Date  of 
observa- 
tion 

Number  of  runners  or  runner  plants 
produced— 

Date  of 
observa- 

Howard  17 

Klondike 

Howard  17 

Klondike 

mother 
plants 

In  clon 

mother 
plants 

1 
In  clon 

By 

mother 
plants 

In  clon 

By 
mother 
plants 

In  clon 

May: 

21 

0 
.4 

4.6 
5.8 
7.2 

10.0 
13.2 
17.4 

0.2 
1.0 

3.0 
5.0 
6.0 

8.4 
10.8 

July: 

24 

29 
30 

19 
24 
Sept.: 
15 
18 

13.6 

18.6 

27 

19.6 

24.6 

June: 

1.4 
2.6 
5.4 

&2 
12.8 
21.6 

1.2 
3.0 

5.8  1 

9.0 
13.0 

15.6 

22.6 

10 
17 

.  -  -  - 

22.4 
25.8 

32.6 
48.2 

24 



July: 

22.2 

62.8 

1 
8 

138.0 

194.0 

23 

2  24.0 

U27.6 

1 

2  plants. 


» 1  plant. 


Table  2  records  25.8  runners  per  plant  for  five  plants  of  the  Howard 
17  on  August  19,  with  an  average  of  38  for  two  plants  observed  until 
September  15.  Records  (not  given  in  the  table)  for  five  alternate 
plants  allowed  to  root  their  runners  gave  10.2  each  on  August  19 
with  an  average  of  11  runners  on  two  plants  observed  until  September 
15.  The  five  Klondike  plants  with  runners  removed  as  they  appeared 
had  produced  22.2  runners  per  plant  by  August  24,  whereas  the  five 
alternate  plants  allowed  to  form  clons  had  produced  but  8.6  each. 

Table  3. — Runner  production  of  nine  strawberry  varieties  at  Glenn  Dale,  Md.,  in 

1925 


[Average  of  10  plants  each,  May  6  to  June  11,  and  of  5  plants  each,  June  18  to  July  2] 

Variety 

May  6      May  13 

May  20 
and  21 

June  10 
and  11 

June  18 
and  19 

June  24 

Julyl 
and  2 

Aroma.  _ ^ 

0.1 
.2 
.4 

1.4 
4.0 
2.4 
5.2 
4.7 
6.7 
2.3 
5.6 
2.6 

2.7 
5.8 
3.6 
7.8 
8.2 
8.0 
3.6 
7.0 
4.1 

Dunlap --    .      _. 

8.2 
5.0 
12.2 
10.4 
11.4 
4.2 
9.2 
6.0 

11  8 

Qandy._ 

Howard  17 

16.4 

Klondike.. 

.5 
1.3 
.3 

1.0 

.7 

14,4 

Missionary 

0.1 

0.5 

16.2 

New  York..        .           

5  4 

Parsons _ 

.4 

.5 

12.4 

Sample. 
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Table  3  gives  a  record  of  the  runner  production  of  nine  varieties 
during  the  early  part  of  the  season  of  1925.  Runner  production  was 
begun  first  by  the  Missionary  variety  on  May  6.  By  May  13  two 
other  varieties  had  produced  runners,  and  by  May  21  they  were 
recorded  on  all  except  Howard  17.  By  July  1  and  2,  however,  Howard 
17  had  produced  more  runners  (16.4)  than  any  other  variety.  The 
New  York  variety  had  produced  the  fewest  (5.4). 

Table  4. — Runners  produced  by  nine  strawberry  varieties,  the  runners  being  picked 

at  each  date  of  record,  at  Glenn  Dale,  Md.,  in  1925 

[The  number  of  plants  varies  slightly,  owing  to  injuries  received  by  some  of  them] 


Number  of  mother  plants  and  average  number  of 

runners  produced— 

July  14 

July  25 

Aug.  3 

Aug.    15 

Aug.    31 

Total 

22^ 

S'o-g 

Variety 

i2 

i2 

n 

i2 

^ 

i2 

"3  o  oJ 

a 

fl 

fl 

d 

a 

ft 

CO 

03 

w 

c5 
ft 

OT 

c3 
ft 

0} 

c3 
ft 

m 

o  „  n 

t-< 

(M 

1., 

<s> 

<s> 

a 

o 

^«S 

^ 

A 

A 

0 

A 

n 

fl 

r] 

0 

fl 

p 

e) 

§ 

3 

2 

3 

§ 

S 

3 

O 

3 
tf 

O 

3 

Sa^ 

Parsons 

69 

5.9 

52 

3.8 

52 

3.5 

52 

3.6 

51 

5.1 

51 

21.9 

8.7 

Missionary 

56 

5.8 

42 

3.1 

42 

2.7 

42 

2.4 

42 

3.1 

42 

17.0 

11.3 

Sample 

68 

4.8 

53 

2.2 

53 

2.9 

53 

2.4 

53 

3.9 

53 

16.2 

6.8 

Klondike 

58 

5.2 

27 

3.1 

27 

2.2 

27 

2.2 

27 

3.8 

27 

16.1 

8.3 

Howard  17-. 

60 

6.1 

32 

3.5 

32 

2.9 

31 

2.4 

31 

1.7 

31 

16.1 

7.5 

Gandy.. 

58 

4.3 

47 

2.3 

47 

3.8 

47 

3.2 

47 

3.4 

47 

15.8 

6.5 

Dunlap 

57 

4.7 

42 

2.5 

42 

2.3 

42 

?1 

42 

3.6 

42 

15.7 

8.4 

New  York. 

66 

4.0 

51 

1.7 

51 

2.6 

51 

3.0 

51 

4.1 

51 

15.2 

6.9 

Aroma 

59 

4.3 

47 

2.2 

47 

2.0 

47 

1.7 

47 

3.0 

47 

13.0 

5.9 

Average 

16.3 

7.8 

Table  4  gives  the  number  of  runners  produced  by  plants  of  the  nine 
varieties  of  Table  3,  all  the  runners  being  picked  off  as  they  appeared. 
At  the  first  date  of  record,  July  14,  the  number  of  plants  for  each 
variety  was  approximately  the  same,  though  Howard  17  had  the 
highest  average  (6.1)  and  New  York  the  lowest  (4).  By  August  31 
Parsons  had  produced  the  highest  average  (21.9)  and  Aroma  the 
lowest  (13).  Alternate  plants  which  had  been  allowed  to  form  clons 
averaged  less  than  half  as  many  plants. 

Table  5  gives  the  average  total  number  of  runner  plants  formed  per 
clon  by  the  same  nine  varieties  from  July  13  to  September  8  and  9, 
together  with  the  range  for  each  variety.  Thus,  Dunlap  formed  an 
average  of  48.5  plants  each  and  the  New  York  only  9.2  each.  All 
varieties  had  a  good  start  July  13,  and  it  seems  probable  that  under 
the  conditions  of  this  experiment  the  later  marked  differences  were 
due  to  different  varietal  responses  to  environmental  influences.  In 
view  of  these  marked  differences  it  is  well  to  remember  that  eight  of 
these  varieties  are  leading  sorts  of  the  country. 

Missionary  and  Howard  17  responded  in  a  similar  manner,  both 
making  new  plants  slowly,  although  the  cause  of  this  behavior  is  not 
likely  to  be  the  same  for  each  sort,  for  the  latter  variety  succeeds 
best  from  New  England  to  Maryland  and  the  former  from  Delaware 
south  to  Florida.  In  the  case  of  the  New  York,  which  made  few 
new  plants  per  clon,  the  soil  may  not  have  been  sufficiently  fertile  or 
the  disease  incidence  may  have  been  too  high  for  the  best  develop- 


ETJNNEES  AND  EONNEE  PLANTS  IN  THE  STEAWBEEEY 


13 


ment.  When  the  runners  were  removed  at  stated  intervals  from 
the  New  York,  as  shown  in  Table  4,  it  made  almost  as  many  runners  as 
Howard  17,  which  is  the  leading  variety  for  the  section  around 
Washington,  D.  C.  This  response  of  the  New  York  may  indicate 
the  need  for  a  large  nitrogen  supply  for  the  proper  development  of 
clons  of  this  variety. 

Table  5. — Average  total  number  of  runner  plants  per  don  formed  by  nine  straw- 
berry varieties,  at  Glenn  Dale,  Md.,  in  1925 


Number  of  clons  and  average  number  of  runner  plants  produced— 

July  13 

Aug.  13 

Sept.  8  and  9 

Runners 
formed 

Variety 

Clons 

Runner 
plants 

Clons 

Runner 
plants 

Clons 

Rimner 
plants 

Range 

of  runner 

plants 

by  alter- 
nate 
plants 
not 
allowed 
to  form 
mnners 

Dunlap 

Aroma 

Sample 

Parsons 

Gandy 

Klondike.- 

15 
15 
15 
15 
12 

?! 

6.6 
7.1 
9.6 
8.4 
5.6 
8.4 
12.6 
8.6 
3.6 

15 
16 
15 
15 
12 
28 
14 
30 
15 

19.5 
13.2 
26.1 
18.3 
15.2 
13.6 
18.6 
11.4 
6.3 

15 
15 
15 
16 
12 
28 
14 
30 
15 

48.5 
45.0 
42.7 
40.5 
37.6 
24.8 
24.4 

21-80 
6-72 
18-62 
12-91 
17-76 
^544 
6-^1 

15.7 
13.0 

16.2 
21.9 
15.8 
16.1 
17.0 

Howard  17 

29 
15 

24.4          10-65 
9. 2       -     2-16 

16.1 

New  York 

16.2 

1 

The  increase  in  number  of  runner  plants  of  the  Dunlap  and  Aroma, 
as  shown  m.  Table  5,  is  striking,  especially  when  compared  with  the 
number  of  runners  made  by  the  same  varieties  shown  in  Table  4. 
Aroma  made  the  fewest  runners  of  any  when  they  were  removed, 
but  it  made  the  most  riuiner  plants  of  all  except  Dunlap  when  allowed 
to  root  its  runners.  Under  the  conditions  of  this  test  apparently 
old  plants  of  the  Aroma  in  sandy  soil  did  not  function  as  well  as 
young  plants,  due  possibly  to  aeration  of  the  soil,  moisture  conditions, 
available  nutrients,  or  to  some  condition  of  the  roots.  As  runner 
production  by  the  Aroma  was  especially  rapid  between  August  13 
and  September  8,  it  is  possible  that  stimulation  of  an  especially 
early  production  of  runners  on  heavier  soils  in  the  East  might  prove 
profitable  with  this  sort. 

Table  5  shows  the  actual  number  of  runner  plants  in  clons  of  several 
varieties  on  July  13,  August  13,  and  September  8  and  9.  Most 
varieties,  however,  produce  runners  well  iuto  or  through  October  at 
Glenn  Dale,  Md.,  so  that  the  total  number  of  plants  produced  by  some 
of  these  varieties  may  have  been  double  the  number  recorded  on 
September  8  and  9.  In  Table  2,  records  are  given  of  five  plants  of 
Howard  17  which  had  produced  48.2  rooted  plants  per  clon  by  August 
19,  two  of  which  had  produced  94  plants  per  clon  by  September  15. 
Five  plants  of  Klondike  had  produced  62.8  plants  per  clon  by  August 
24,  one  of  which  had  127  plants  on  September  18.  Howard  17  forms 
few  plants  after  September  15  at  Glenn  Dale,  Md.,  whereas  Klondike 
continues  to  produce  runners  until  nearly  the  end  of  October. 

It  is  evident  from  these  records  that  runner  production  commences 
earher  with  some  sorts  than  with  others,  and  for  particular  condi- 
tions, such  as  those  obtaining  at  Glenn  Dale,  Md.,  in  1925,  the  pos- 
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sible  number  produced  by  the  original  plants  set  in  the  spring  varies 
with  different  varieties.  If  the  runners  are  allowed  to  root,  less  than 
half  as  many  are  produced  as  when  they  are  picked  off  as  they  appear. 
Primary  runner  plants  in  turn  produce  runners  and  runner  plants, 
and  these  produce  still  others  until  clons  of  more  than  a  hundred 
plants  may  be  formed. 

DEVELOPMENT    OF    A    CLON    AND    OF    A    PLANT    WITH    RUNNERS 

PICKED    OFF 

The  entire  development  of  a  clon  is  dependent  on  runners  which 
develop  from  the  buds  in  leaf  axils.  To  illustrate  this  development, 
a  plant  of  Howard  17  was  set  April  1,  1925,  and  records  were  made 
of  the  development  of  this  and  of  all  its  runner  plants  imtil  Septem- 
ber 15.     From  these  records  a  diagram  (fig.  10)  was  made  showing 


Figure  10.— Diagram  showing  the  development  of  a  plant  ofjthe  Howard  17  strawberry  and  of  the 
clon  produced  by  it.  The  heavy  vertical  line  at  the  center  represents  the  original  crown  of  the 
mother  plant.  A  second  crown  was  produced  from  the  axil  of  leaf  2,  but  together  with  all  runner 
j  series  (runners  3,  6,  10,  and  11)  arising  from  it  this  is  omitted  from  the  diagram.  As  an  illus- 
tration of  the  development  of  this  clon  the  development  of  the  parent  plant  may  be  followed: 
Between  April  15  and  29  leaves  4,  5,  and  6  were  produced.  The  buds  in  the  axils  of  leaves  7  and 
8  developed  into  runners  1  and  2,  but  these  were  not  visible  until  May  27  and  June  10,  re- 
spectively 

the  time  of  appearance  of  its  leaves,  the  axillary  buds  which  produced 
runners,  the  time  when  the  runners  formed  runner  plants,  the  runner 
series  produced  by  the  runners,  the  leaves  and  runners  produced 
by  each  runner  plant,  as  well  as  the  runners,  runner  series,  and 
runner  plants  produced  in  turn  by  these,  which  formed  the  entire 
clon.  To  simphfy  the  diagram,  crown  2,  together  with  leaves  and 
rimners  produced  by  it  and  runners  5,  8,  and  9,  were  omitted. 

The  development  of  the  same  plant  including  crown  2  is  shown 
again  in  Figure  11.  In  these  the  tendency  of  the  strawberry  to 
develop  runner  series  is  evident.  Notes  made  at  the  time  of  taking 
the  records  indicate  that  the  tips  of  runner  series  2  and  5  were  in- 
jured, and  these  injuries  probably  hindered  the  extension  of  these 
series. 

The  mother  plant  had  11  leaves  on  May  27,  when  runner  1,  pro- 
duced from  the  axil  of  leaf  7,  was  first  visible.     (Figs.  10  and  11,  A.) 
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By  June  10  (figs.  10  and  11,  B)  runner  1  had  rooted,  the  mother 
plant  had  produced  15  leaves  and  two  more  runners,  2  and  3  from 
the  axils  of  leaves  8  and  10,  respectively;  on  June  17  (figs.  10  and 
11,  C)  the  mother  plant  had  produced  16  leaves  and  5  runners,  run- 
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Figure  11.— Diagrams  illustrating  the  development  of  the  same  clon  of  the  Howard  17  straw- 
berry that  was  illustrated  in  Figure  10:  A,  Development  of  mother  plant  May  27  when  runner 
1  first  appeared;  B,  first  formation  of  a  clon  June  10;  C,  D,  E,  F,  Q,  H,  I,  J,  and  K,  the  clon 
as  it  appeared  on  June  17,  24,  July  1,  8,  23,  29,  Aug.  6,  19,  and  Sept.  15.  The  relative  size  of  the 
plants  as  measured  by  leaf  area  is  shown  by  the  size  of  the  dots 

ners  4  and  5  coming  from  axils  of  leaves  11  and  12;  on  June  24  (figs. 
10  and  11,  D)  17  leaves  and  6  runners,  runner  6  from  the  axil  of  leaf 
13;  and  on  July  1  (figs.  10  and  11,  E),  19  leaves  and  7  runners,  run- 
ner 7  from  the  axil  of  leaf  15. 
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By  July  1  it  was  apparent  that  crown  2  had  been  formed,  that 
leaves  8,  9,  11,  12,  15,  17,  18,  and  19  and  runners  1,  2,  4,  5,  and  7 
were  produced  by  crown  1,  and  that  leaves  10,  13,  14,  16,  and  19  and 
runners  3  and  6  were  produced  by  crown  2.  As  heretofore  stated,  it 
would  tend  to  obscure  many  details  to  show  the  later  development 
of  the  entire  clon  produced  by  this  plant,  and  the  development  of 
crown  2  has  been  omitted  in  Figure  10,  although  its  development 
is  noted  below  and  shown  in  Figure  11,  F  to  K.  By  July  8  crown  1 
had  produced  leaf  20  and  crown  2  had  produced  leaves  21  and  22. 
By  July  23  crown  1  had  produced  leaves  23  and  25,  and  crown  2  had 
produced  leaf  24.  Runners  8  to  11  had  appeared,  runner  11  (the 
last  one)  from  the  axil  of  leaf  21  on  crown  2.  By  July  29  no  new 
leaves  or  runners  had  appeared.  By  August  6  crown  1  had  produced 
leaf  27,  and  crown  2  had  produced  leaf  26.     By  August  19  crown  1 
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Figure  12.— Diagram  showing  the  development  of  a  plant  of  Howard  17  strawberry  the  runners 
of  which  were  removed  June  24  and  as  they  appeared  thereafter.  The  heavy  vertical  line  at  the 
center  represents  the  original  crown,  the  other  solid  vertical  lines  the  branch  crowns 


had  produced  leaves  28  and  30,  and  crown  2  had  produced  leaves  29 
and  31.  By  September  15  crown  1  had  produced  leaves  33  and  34, 
and  crown  2  had  produced  leaves  32  ,and  35. 

In  contrast- with  the  above  plant,  the  development  of  a  plant  of 
Howard  17  from  which  the  runners  were  removed  June  24  and  as 
they  appeared  thereafter  may  be  followed.  The  development  of 
such  a  plant  is  shown  diagrammatically  in  Figure  12.  A  runner 
appeared  May  27  when  the  plant  had  17  leaves.  By  June  10  it  had 
produced  23  leaves  and  8  runners,  by  June  17  it  had  produced  26 
leaves  and  10  runners,  and  by  June  24  it  had  produced  27  leaves  and 
13  runners. 

Plant  1  in  Figure  10  produced  a  total  of  2]crowns,  11  runners,  and 
35  leaves.  Twelve  of  the  leaves  were  still  alive  on  September  15. 
Plant  4  in  Figure  12  produced  7  crowns,  53  runners,  and  83  leaves, 
and  42  of  its  leaves  were  still  alive  on  September  18.  Plant  4  used 
its  foliage  as  a  factory  to  manufacture  food  with  which  to  produce 
additional  foliage  and  runners,  while  plant  1  used  its  food  supply  in 
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producing  fewer  leaves  and  runners,  but  it  also  assisted  in  the  develop- 
ment of  all  runner  plants  formed  by  the  clon — a  total  of  112. 

The  mother  plant  in  a  clon  such  as  that  formed  by  plant  1  still 
assists  in  the  development  of  the  new  clonal  plants,  even  after  runner 
plants  have  been  forming  for  three  or  more  months.  All  the  roots  of 
one  of  the  runner  plants  may  be  killed,  yet  it  can  still  produce  runners 
that  root  and  that  in  turn  produce  runners.  Nutrients  and  water 
used  by  such  a  plant  must  be  supplied  by  the  mother  plant  and  the 
rooted  runner  plants.  The  result  of  the  dependence  of  the  runner 
plants  on  the  mother  plant  is  to  hinder  its  development.  Thus,  the 
mother  plant  illustrated  in  Figure  10  had  produced  only  35  leaves 
by  September  15,  whereas  the  plant  illustrated  in  Figure  12,  from 
which  the  runners  had  been  removed,  had  produced  83  leaves  by 
September  18.  Records  presented  later  indicate  corresponding  differ- 
ences of  such  plants  in  capacity  for  fruit  production. 

RELATION   OF  AGE   OF  RUNNER  PLANT  TO  RUNNER  PRODUCTION 

The  first  activity  of  strawberry  plants  set  in  the  spring  is  the 
development  of  the  overwintering  leaves  and  the  inflorescence, 
both  of  which  had  remained  dormant  in  an  arrested  state  since  the 
end  of  the  previous  growing  season.  Next,  new  leaves  appear  on 
new  growing  points,  and  later  runners  and  runner  plants  are  produced. 
Davis  (5)  at  Ottawa,  Canada,  has  reported  a  correlation  between  the 
runner  production  of  plants  and  the  period  during  which  the  plants 
rooted  the  previous  year.  Plants  of  the  Parsons  variety  rooted  as  late 
as  October  29,  1919,  and  when  transplanted  in  the  spring  of  1920  had 
formed  an  average  of  less  than  1  runner  per  plant  by  July  7,  w^hereas 
those  rooted  July  23,  1919,  and  transplanted  at  the  same  time  as  the 
late-rooted  ones  had  formed  2.5  runners  by  July  7,  1920.  Apparently 
the  later  development  of  the  spring-set  plants  is  correlated  to  some 
extent  with  the  time  they  rooted  the  previous  year. 

In  order  to  study  this  phase  further,  runners  of  three  varieties, 
Howard  17,  Portia,  and  Fragaria  virginiana  selection  27,  were  rooted 
at  the  Bell  station  during  July,  August,  September,  and  October, 
1923.  Runner  tips  ready  to  root  (those  having  visible  roots  or 
a  second  unfolded  leaf  on  the  runner  plant)  were  pressed  into  soft 
moist  soil  and  held  in  position  by  means  of  a  wooden  pot  label.  This 
label  recorded  the  date  on  which  each  runner  plant  was  pegged  down. 
Runner  tips  which  had  already  rooted  but  which  had  not  been  large 
enough  at  the  previous  date  of  record  were  also  pegged  down  with 
a  label. 

These  runner  plants  were  transplanted  on  April  17,  1924.  At  this 
time  the  plants  that  had  rooted  earlier  differed  greatly  in  size,  depend- 
ing largely  on  the  extent  to  which  they  had  themselves  formed  runner 
plants  in  1923.  Plants  formed  from  August  15  to  October  6  were 
more  uniform  than  those  still  older.  Plants  rooted  during  October 
were  much  smaller  than  the  earlier  formed  ones. 

As  a  further  test,  the  83  plants  of  Howard  17  which  had  rooted 
between  August  15  and  September  10  were  divided  into  two  lots  of 
41  and  42  plants  each,  according  to  size,  considering  thickness  of 
crown  and  extent  of  root  systems.  The  41  smaller  plants  were  set 
adjacent  to  the  42  larger  ones.  All  flower  buds  were  picked  off  as 
they  appeared.     Records  were  taken  on  June  30,  when  runners  were 


18    TECHNICAL  BULLETIN  122,  U.  S.  DEPT.  OF  AGRICULTURE 

being  produced  freely.  The  runners  varied  greatly  in  length  and  in 
the  degree  of  development  of  such  runner  tips  as  had  rooted.  Some 
runners  had  even  formed  runner  plants  which  in  turn  had  produced 
runners.  The  record  taken,  therefore,  included  both  the  number  of 
runners  and  the  number  of  runner  plants  in  the  clon  formed  by 
each  mother  plant.  Any  node  having  produced  roots  or  a  well- 
developed  second  leaf  was  considered  as  a  plant.  All  branch  runners 
were  included  as  separate  runners.  The  records  of  this  test  are  given 
in  Table  6. 


Table  6. — Average  number  of  runners  and  runner  plants  of  Fragaria  virginiana 
selection  27,  Howard  1 7,  and  Portia  varieties  of  strawberries  produced  in  May  and 
June,  192 Jj.,  by  plants  rooted  during  certain  intervals  in  1923 


Interval  of  rooting,  1923 

Runner 
plants 
set  Apr. 
17, 1924 

Average  produc- 
tion by  June  30, 1924 

Runners 

Runner 
plants 

Selection  27: 

On  or  before  July  4                    

Number 
18 
21 
19 
10 
38 
32 
11 

Number 
6.7 
4.7 
3.5 
3.0 
4.7 
3.3 
2.2 

Number 
6.8 

July  5  to  14 

3.2 

July  15  to  August  2 

2.5 

August  3  to  14                                      -^     

2.4 

August  15  to  September  12. 

4.1 

September  13  to  October  6 

3.7 

October  7  to  30 

1.8 

Total                                    

149 

Howard  17: 

On  or  before  July  4                                      .      ..  -.    . 

6 
6 
15 
16 
41 
42 
39 

5.6 
3.0 
3.5 
3.8 
3.1 
4.5 
4.0 

2.0 

July  5  to  14 

1.2 

July  15  to  August  2                  

1.9 

August  3  to  14 

1.7 

August  15  to  September  10. (itrongl 

September  11  to  October  6 

2.2 
3.0 
3.1 

Total 

163 

Portia: 

July  15  to  August  2 

26 
19 
41 
37 
6 

5.7 
5.4 
4.0 
4.6 
2.3 

4.4 

August  3  to  14 

3.9 

August  15  to  September  10 

2.9 

September  11  to  October  6.. 

4.2 

October  7  to  30    .                         

1.8 

Total 

129 

AVERAGES  OF  RUNNERS  AND  RUNNER  PLANTS  BY  VARIETIES 


Interval  of  rooting,  1923 

Variety 

By  July  4 

July  5  to  14 

July  15  to 
Aug.  2 

Aug.  3  to  14 

Aug.  15  to 
Sept.  12 

Sept. 13  to 
Oct.  6 

Oct.  7  to  30 

2 

2 

a 

p 

It 

5^ 

a 

2 
<u 

a 
a 
s 

ll 

2 

§ 

d 

1^ 

Selection  27... 
Howard  17.... 
Portia 

6.7 
5.6 

5.8 
2.0 

4.7 
3.0 

3.2 
1.2 

3.5 
3.5 

5.7 

2.6 
1.9 

4.4 

3.0 
3.8 

5.4 

2.4 

1.7 
3.9 

4.7 
3.8 
4.0 

4.1 
2.6 
2.9 

3.3 

4.0 

4.6 

3.7 
3.1 

4.2 

2.2 

1.8 
""i."8 

Average 

6.4 

5.8 

4.4 

2.8 

4.5 

3.2 

4.3 

2.8 

4.1 

3.0 

4.0 

3.6 

2.2 

1.8 

These  records  seem  to  indicate  little  difference  in  the  runner  or 
runner-plant  producing  ability  of  plants  formed  the  previous  year 
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from  July  to  September  which  are  themselves  allowed  to  form  runner 
plants.  It  is  evident,  however,  that  the  small  plants  formed  late  in 
the  season  of  1923  were  not  as  vigorous  as  those  formed  earlier  and 
were  not  so  satisfactory  for  planting  stock.  Plants  formed  by  July  4 
produced  an  average  of  6.4  runners  and  5.8  runner  plants;  those 
formed  from  August  15  to  October  6  produced  an  average  of  about  4 
runners  and  nearly  as  many  runner  plants,  while  those  formed  in 
October  produced  only  2.2  runners  and  1.8  runner  plants. 

When  plants  of  the  Howard  17  of  the  date  of  September  10  were 
graded  according  to  size,  it  was  found  that  the  larger  plants  produced 
more  runners  and  more  runner  plants  than  the  smaller  ones.  Careful 
grading  to  size  is  probably  the  most  satisfactory  means  of  selecting 
uniform  propagating  stock. 

As  a  further  test  of  the  relation  of  the  age  of  the  transplant  to  its 
later  development,  records  of  runner  and  runner-plant  production 
were  taken  in  July,  1925,  on  50  to  75  plants  each  of  seven  varieties 
(Aroma,  Howard  17,  Klondike,  Missionary,  New  York,  Parsons,  and 
Sample)  which  had  rooted  at  specific  periods  from  July  to  October, 
1924,  and  which  were  transplanted  April  1,  1925.  Each  variety  was 
planted  in  a  single  row.  By  July  14,  1925,  the  first  date  of  observa- 
tion, other  influences,  such  as  soil  heterogenity  and  insect  attacks, 
had  so  modified  differences  due  to  the  time  of  plant  formation  in  1924 
that  they  no  longer  appeared. 

Goff  (7)  reported  results  from  an  experiment  in  Wisconsin  in  which 
he  compared  the  later  behavior  of  three  sets  of  plants  of  the  Wilson 
variety,  one  taken  from  new  beds  that  had  not  produced  fruit  the 
previous  year,  a  second  from  a  bed  that  had  fruited  the  previous 
year  and  was  severely  affected  with  leaf  spot,  and  a  third  from  healthy 
cropped  beds.  In  1892  the  healthy  plants  from  uncropped  beds  each 
produced  5.1  runner  plants,  which  survived  the  following  winter; 
the  healthy  plants  from  cropped  beds  produced  4  runner  plants  each, 
and  the  diseased  plants  from  cropped  beds  1.7  runner  plants  each. 
The  difference  in  fruit  production  was  less  marked  than  that  of  plant 
production,  but  sufficient  to  be  noticeable.  He  repeated  his  experi- 
ments (8),  setting  in  adjoining  rows  plants  from  beds  that  had  not 
borne  the  previous  year  and  plants  from  a  bed  that  had  borne  two 
crops.  The  plants  from  uncropped  beds  produced  an  average  of 
19.3  plants  for  each  one  set  and  those  from  the  cropped  beds  13.3 
plants  each.  The  difference  in  yield  of  1894  was  reported  as  less  mark- 
ed than  in  plant  production.  In  a  test  comparing  the  healthy  and 
the  diseased  plants,  it  was  found  that  the  healthy  ones  produced 
18  plants  each,  and  the  diseased  ones  9  each.  It  is  likely  that  the 
difference  in  plant  production  between  runner  plants  from  cropped 
and  uncropped  fields  was  partly  due  to  the  difference  in  the  time  the 
plants  rooted,  the  rooting  taking  place  much  later  in  cropped  than  in 
uncropped  fields. 

Although  under  many  conditions  the  time  of  plant  formation 
during  the  previous  year  may  be  influential  in  the  development  of 
transplants,  it  is  probable  that  an  especially  fertile  or  sterile  soil, 
attacks  by  pests,  and  unfavorable  moisture  or  other  conditions  m.€ij 
soon  efface  such  differences. 

It  should  be  remembered  that  the  comparisons  of  Davis  and  those 
reported  here  are  between  plants  from  beds  where  runner  and  runner- 
plant  production  is  unrestricted.     Unrestricted  runner  production 
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is  the  usual  practice  in  plant  nurseries.  In  a  country  with  as  varied 
soil  and  climatic  conditions  as  the  United  States  and  with  such 
extremes  in  the  production  of  this  crop  as  are  found  where  it  is 
grown  as  a  market  garden  crop  and  as  a  field  crop,  for  example, 
practices  in  plant  production  vary  greatly,  and  a  comparison  of 
early-formed  and  late-formed  runner  plants  might  give  different 
results  under  some  conditions.  For  instance,  a  comparison  might  be 
made  between  early  and  late  plants  produced  by  a  mother  plant, 
the  runner  plants  of  which  are  not  allowed  to  form  runners.  Like- 
wise, different  results  might  appear  if  the  comparison  were  between 
plants  from  clons  formed  early  in  the  summer  which  were  not  allowed 
to  form  runner  plants  in  late  summer  or  fall,  and  plants  from  clons 
formed  late  in  the  summer.  Results  of  such  tests  are  given  later 
in  Table  8. 

RELATION   OF   AGE   OF   RUNNER   PLANT   TO   YIELD 

The  relation  between  the  time  of  runner-plant  formation  in  one 
year  and  its  behavior  in  the  production  of  runners  the  following  year 
has  been  hereinbefore  described.  A  relation  between  the  time  of 
runner-plant  formation  and  fruit  production  also  has  been  reported 
by  Davis  {5).  In  1919  he  recorded  the  dates  on  which  runners  of  the 
Parsons  strawberry  rooted,  and  in  1920  he  obtained  the  yields  from 
these  plants.  Runner  plants  formed  before  the  middle  of  August 
produced  9  to  10  fruits  each,  those  formed  about  the  middle  of  August 
an  average  of  16  fruits,  and  those  that  rooted  as  late  as  October  20  pro- 
duced an  average  of  only  5  fruits.  His  interpretation  was  that  the 
early-formed  runner  plants  became  depleted  of  energy  because  they 
assisted  in  the  development  of  large  numbers  of  later  runners  and  run- 
ner plants.  He  concluded  that  the  most  profitable  period  of  runner 
formation  was  between  the  latter  part  of  July  and  the  first  of  Septem- 
ber. It  would  seem  that  the  conditions  in  the  fall  of  1919  must  have 
been  somewhat  unusual,  for  39.22  per  cent  of  the  plants  formed  during 
October,  an  unusual  occurrence  with  most  varieties  even  at  Glenn 
Dale,  Md.,  where  the  growing  season  is  usually  longer  than  at  Ottawa, 
Canada. 

In  reporting  the  results  of  some  fertilizer  experiments,  Macoun  (13) 
records  the  number  of  blossoms  produced  on  511  plants  of  Parsons  in 
1924  which  rooted  at  various  dates  in  1923.  The  average  number 
of  blossoms  produced  ranged  from  nearly  40  for  plants  rooted  in  July 
to  about  10  for  those  rooting  in  October.  Straight  {16)  has  reported 
yields  for  one  season  from  the  first,  second,  and  third  runner  plants 
of  runner  series  where  1,  2,  and  3  runners  from  the  mother  plants  were 
allowed  to  root.  The  first  runner  plants  on  the  average  were  slightly 
more  productive  than  the  second  and  third  runner  plants.  No  signifi- 
cant difference  in  yield  was  observable  between  plants  produced  by  the 
mother  plants  rooting  1,  2,  or  3  runner  series. 

To  test  the  influence  of  time  of  runner  formation  on  crop  production, 
two  pistillate  varieties,  Portia  and  Fragaria  virginiana  selection  27, 
were  used.  Pistillate  varieties  commonly  set  all  their  flowers,  and 
the  number  of  flowers  produced  may  be  considered  a  measure  of  crop 
production.  Such  a  measure  may  be  more  accurate  even  than  weight 
of  crop  unless  irrigation  is  available,  for  drought  and  lack  of  water  to 
individual  plants  in  the  spring  often  prevent  full  development  of  the 
berries. 
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Plants  were  set  in  the  early  spring  of  1923,  and  wooden  pot  labels 
were  used  to  peg  the  runner  into  loose  soil  and  to  mark  the  date  by 
which  a  runner  plant  had  already  rooted  or  on  which  the  second  leaf 
had  unfolded.  Runner  plants  w^ere  pegged  July  4  and  14,  August  2 
and  14,  September  10,  and  October  6  and  30,  in  1923.  In  1924  these 
plants  produced  flowers  as  shown  in  Table  7. 

Table  7. — Influence  of  time  of  runner  formation  on  the  production  of  flowers  of 

strawberry  varieties 


Date  rooted 


To  July  4 

July  5  to  14 

July  15  to  Aug.  2.. 

Aug.  3  to  14 

Aug.  15  to  Sept.  10 
Sept.  11  to  Oct.  6.. 
Oct.  6  to  30 


Selection  27 


Number 
of  plants 


Average 
number 
of  flowers 


11.3 
14.9 
12.0 
10.8 
5.5 
7.6 
5.2 


Portia 


Number 
of  plants 


Average 
number 
of  flowers 


ao 

10.5 
13.4 
10.8 
8.7 
6.7 
1.7 


These  results  are  similar  to  those  obtained  by  Davis  in  Canada  in 
1920  with  the  Parsons  variety.  Fragaria  virginiana  selection  27 
produced  an  average  of  12.6  flowers  on  plants  rooting  during  July  and 
August  and  an  average  of  6.3  flowers  on  those  formed  during  Septem- 
ber and  October,  whereas  corresponding  Portia  plants  produced  an 
average  of  11.9  and  7.3  flowers,  respectively.  Selection  27  tends  to 
form  several  crowns  on  plants  rooting  in  tTuly  and  August,  whereas 
Portia  forms  few  crowns  on  such  plants.  Late-rooted  plants  rarely 
form  extra  crowns.  This  difference  in  branching  habit  may  account 
for  the  relatively  larger  yield  of  the  early-rooted  plants  of  selection  27. 

In  a  report  on  sterility  and  fertility  in  the  strawberry  (4)  a  table 
was  given  showing  the  average  number  of  fruits  and  of  flowers  not 
set  on  many  varieties  in  1926  which  included  records  on  plants  of 
six  varieties  rooted  at  certain  dates  in  1925.  In  every  instance 
there  were  fewer  fruits  per  plant  from  the  earlier  to  the  later  formed, 
a  difference  apparently  due  to  differences  in  the  development  of 
the  plants  as  a  consequence  of  the  date  they  rooted.  Figure  13 
shows  the  plants  on  a  runner  series  of  the  Dunlap  variety  after  the 
onset  of  freezing  weather.  The  runner  plant  at  the  extreme  right 
undoubtedly  rooted  in  October.  Such  a  plant  is  liable  to  winter 
injury  and  may  bear  a  few  smaU  fruits  or  none.  The  first  runner 
plants  of  the  series  at  the  left  would  probably  have  borne  the  most 
and  largest  fruit. 

Because  runner  plants  rooting  at  the  earher  dates  usually  in  turn 
produce  runners  in  the  succeeding  weeks  of  the  same  season  and  are 
thus  weakened,  an  attempt  was  made  to  limit  the  period  of  runner 
production  to  specific  periods  and  to  note  any  difference  in  the  effect 
on  fruit  production.  The  Fragaria  mrginiana  selection  27  was  used 
for  this  test.  Four  series  of  plants  were  grown  to  correspond  with 
possible  commercial  practices.  In  series  A  all  runners  were  removed 
throughout  the  season;  in  series  B  the  runners  were  picked  off  until 
September  1  and  later  ones  rooted;  in  series  C  the  runners  were 
picked  off  until  August  1  and  later  formed  ones  rooted  on  specific 
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dates;  in  series  D  the  runners  were  rooted  until  September  1  and 
later  ones  picked  off.     Table  8  gives  the  results. 

Table  8. — Production  of  Fragaria  virginiana  selection  27  -plants  in  1925  given 
different  treatments  in  1924- 


Series  and  treatment 


Mother  plants: 

Series  A,  runners  kept  oflf  throughout  season 

Series  B,  runners  kept  off  until  Sept.  1 

Series  C,  runners  kept  off  until  Aug.  1 

Series  D,  rooted  until  Sept.  1. 

Runner  plants  from  series  D: 

Rooted  to  Aug.  1 

Rooted  Aug.  2  to  15 

Rooted  Aug.  16  to  Sept.  1... 

Runner  plants  from  series  C: 

Rooted  Aug.  1  to  15 

Rooted  Aug  16  to  Sept.  1 

Rooted  Sept.  2  to  15. 

Rooted  Sept.  16  to  Oct.  1 

Runner  plants  from  series  B: 

Rooted  Sept.  2  to  15 

Rooted  Sept.  16  to  Oct.  1 


Num- 
ber of 
plants 


Average  number  of- 


Crowns 


9.4 
6.2 
3.4 
3.0 

1.9 
1.2 
1.2 

1.7 
1.6 

1.2 
1.1 

1.6 
1.3 


Trusses 


13.4 
7.0 
5.0 
4.8 

2.7 
2.0 
2.1 

2.4 
2.0 
1.9 
1.6 

2.4 
2.1 


Fruits 


131.9 
63.8 

48.5 
42.8 

30.4 
20.0 
19.4 

21.9 
18.9 
15.7 
13.5 

21.8 
17.7 


All 
other  * 


7.7 
2.6 
6.0 
4.6 

2.9 
2.2 

2.1 

2.1 
1.8 
1.8 
1.2 

2.1 
1.6 


Runner 
plants 


4.5 
33.6 

18.8 


>  "All  other"  includes  buds  missing,  injured,  etc. 


Figure  13.— Relative  size  and  root  branching  of  the  plants  on  a  runner  series  of  the  Dunlap  straw- 
berry (from  left  to  right).  The  last  runner  plant  to  root  is  at  the  extreme  right.  Its  roots  are  un- 
branched,  and  such  a  plant  is  very  liable  to  winter  injury.    November  13, 1926 

It  should  be  noted  that  mother  plants  from  which  runners  were 
removed  until  September  1  produced  but  4.5  runner  plants,  as  com- 
pared with  33.5  runner  plants  produced  by  those  rooting  runners 
subsequent  to  August  7.  Other  tests  in  which  the  runners  were 
removed  from  mother  plants  of  other  varieties  until  September  1 
have  given  similar  results.     The  production  of  even  4.5  runners, 


RUNNERS  AND  RtJNNER  PLANTS  IN  THE  STRAWBERRY 


23 


however,  so  affected  the  mother  plants  that  they  produced  less  than 
half  the  number  of  fruits  produced  by  plants  whose  runners  were 
kept  off  throughout  the  season. 

When  the  number  of  fri^its  produced  by  runner  plants  in  the  dif- 
ferent series  is  considered,  several  points  may  be  noted.  In  each 
series  that  produced  runner  plants  the  earliest  ones  to  root  have  the 
most  fruit  and  the  later  ones  successively  less  and  less  fruit.  In 
series  B,  where  runners  were  picked  off  until  September  1,  few  new 
runner  plants  were  produced,  and  these  bore  but  Uttle  more  than 
runner  plants  rooted  during  the  same  intervals  in  series  C,  which 
also  produced  runner  plants  during  August.  From  an  inspection  of 
the  yields  in  series  D  it  is  also  evident  that  after  allowing  runners 
to  root  up  to  September  1  it  is  doubtful  whether  it  will  pay  to  remove 
them  later.  All  plants  in  each  series  bore  more  than  plants  rooted 
at  corresponding  intervals  in  1923,  as  given  above.     Conditions  were 


y^Ly/ 


y^l/&(/Sr/        S£Pr£M35/^/  0Cr03E/^/      N01^£M3ER/ 


Figure  11.— Theoretical  curves  for  fruit  production  and  for  conditions  modifying  fruit  produc- 
tion of  strawberry  plants 

SO  different  in  the  two  seasons,  however,  that  the  lots  are  not 
comparable. 

The  yield  from  plants  of  different  ap:es  is  dependent  on  the  inter- 
relation of  a  number  of  conditions.  With  no  modifying  conditions, 
the  earlier  the  plant  roots  the  larger  the  yield  the  following  year. 
However,  the  actual  result  is  modified  by  runner  and  runner-plant 
production,  the  relation  between  time  of  fruit-bud  formation  and  the 
end  of  the  growing  season,  and  competition  between  adjacent  plants 
for  soil  moisture  and  nutrients  and  light  as  well  as  on  the  march  of 
these  and  other  influences.  If  a  theoretical  curve  of  fruit  production 
is  established,  such  as  that  made  by  plants  of  the  same  variety,  of 
the  same  initial  vigor  and  composition,  planted  in  uniform  soil,  and 
set  at  regular  intervals  from  July  1  to  November  1,  it  may  be  sup- 
posed to  have  a  production  curve  such  as  that  given  in  Figure  14, 
the  yield  being  governed  by  its  leaf  and  stem  grow^th  before  winter. 

Curves  such  as  are  given  in  this  figure  are  suggestive  only  and 
obviously  represent  conditions  that  are  rarely  exactly  reproduced  in 
practice.     Under  field  conditions  each  of  the  effects  shown  varies 
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from  season  to  season,  from  field  to  field,  and  with  the  varieties 
grown.  The  purpose  of  the  curves,  however,  is  to  suggest  the  rela- 
tive importance  of  conditions  in  modifying  production. 

If  production  were  affected  only  by  the  length  of  the  season  after 
the  plant  had  formed,  it  might  be  represented  by  an  inclined  straight 
line.  In  reality,  however,  production  of  runners  by  plants  has  an 
effect  that  may  be  represented  by  the  theoretical  curve  for  this 
characteristic  shown  in  Figure  14.  For  the  first  part  of  the  season  the 
curve  for  ''effect  of  runner  production"  is  shown  as  more  effective 
than  the  other  conditions  that  modify  fruit  production.  The  ''effect 
of  competition  for  soil  nutrients  and  soil  moisture"  obviously  is 
effective  later  in  the  season  than  is  the  effect  of  runner  production, 
whereas  the  effect  of  the  time  of  fruit-bud  formation  is  effective  still 
later  in  most  fields. 


EFFECT   OF   REMOVING   RUNNERS    OF   STRAWBERRY   PLANTS 

The  effect  of  the  removal  of  runners  on  fruit  production  has  been 
studied  by  different  workers  in  connection  with  the  growing  of  straw- 
berries in  hills,  in  which  case  the  original  plant  produces  the  entire 
crop,  all  runners  being  removed  as  they  form.  This  practice  obtains 
in  the  Pacific  Northwest,  where  almost  the  entire  acreage  is  produced 
under  the  hill  system.  In  a  report  of  the  superintendent  of  the 
experiment  station  at  Sidney,  British  Columbia,  for  1925,  the  produc- 
tion for  two  years  from  hills,  hedge,  half-matted,  and  full-matted 
rows  is  given  as  follows,  it  being  noted  that  the  yields  in  two  were 
below  normal:  Hill  system,  7,613  pounds;  hedge  row,  6,878  pounds; 
half-matted  row,  7,804  pounds;  full-matted  row,  5,117  pounds. 

The  full-matted  row,  which  was  supposed  to  represent  the  system 
commonly  used  in  the  eastern  United  States  and  Canada,  gave  the 
lowest  yield  of  any — about  35  per  cent  less  than  that  of  the  hill  system. 

Quaintance  (15),  in  Georgia  in  1899,  comparing  hills  and  matted 
rows  12,  18,  and  24  inches  wide  with  rows  4  feet  distant,  reported 
that  the  plot  under  the  hill  system  yielded  only  one-third  as  much  as 
that  under  the  matted  rows.  Considering  the  yield  of  his  12-inch 
matted  row  as  100,  the  18-inch  row  yielded  134.2  and  the  24-inch 
row  yielded  282. 

Table  8  gave  the  yield  in  1925  of  12  mother  plants  of  selection  27 
from  which  all  runners  were  removed  as  they  appeared  during  1924. 
They  produced  an  average  of  131.9  fruits  per  plant,  as  compared  with 
less  than  half  that  number,  63.8  produced  by  adjacent  plants,  which 
also  produced  4.5  runner  plants  each  during  September  and  October. 
The  production  of  10  mother  plants  of  the  Portia  and  Howard  17 
varieties  in  adjoining  rows  which  likewise  had  had  their  runners 
removed,  is  shown  in  Table  9. 

Table  9. — Production  of  10  mother  plants  of  the  Portia  and  Howard  17  varieties  of 
strawberry,  runners  removed 


Variety 

Average  number  of— 

Leaves 

Crowns 

Trusses 

Fruits 

All  other 

Portia                                                                  .    . 

41.6 
32.8 

10.2 
8.5 

8.6 
9.1 

76.7 
63.4 

12.1 

Howard  17 

16.0 
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In  1899  Dammer  (3)  reported  on  an  experiment  made  by  Duerkoptf 
in  1897  and  1898  on  the  value  of  frequent  removal  of  runners,  as 
shown  in  Table  10. 

Table  10. — Effect  of  removing  runners  of  strawberry  plants  grown  in  50-plant  rows 


Row 

No. 


Removal  period 


Average  number — 


Leaves 


s^tSi's    I    ^'-'^ 


Weekly 

Every  two  weeks.. 
Every  three  weeks 
Every  four  weeks. 
Every  five  weeks.. 
Every  six  weeks... 


23.50 
22.74 
22.78 
20.18 
19.40 
18.66 


3.54 
3.18 
3.34 
2.54 
2.10 
1.46 


18.32 
16.82 
17.20 
12.56 
12.36 
9.64 


Frequent  removal  of  runners  when  plants  are  grown  in  hills  is 
apparently  important. 

Jordan  (10)  in  New  Jersey  in  1900  reported  an  experiment  on  the 
effect  of  distance  between  plants  on  their  yield  in  hills  (i.  e.,  with 
runners  removed  throughout  the  season)  from  12  to  24  inches  apart 
and  in  matted  rows.  Maximum  yields  were  obtained  from  plots 
with  plants  12  inches  apart  and  maximum  yields  per  plant  with 
plants  15  inches  apart.  Plants  12  inches  apart  in  the  plot  yielded 
more  than  any  in  matted  rows.  In  1900  and  1901,  34  varieties  were 
tested  under  the  hill  and  matted-row  systems.  In  1900,  11  gave 
heavier  yields  under  the  hill  system,  7  about  the  same,  and  16  more 
under  the  matted-row  system.  Some  produced  more  than  twice  as 
much  under  the  hill  system  as  in  matted  rows,  whereas  others  bore 
twice  as  much  in  matted  rows  as  under  the  hill  system.  In  1901,  19 
produced  more  under  the  hill  system,  3  about  the  same,  and  (although 
it  was  not  stated)  12  presumably  produced  more  under  the  matted- 
row  system. 

Butz  and  Pillsbury  {1)  in  Pennsylvania  reported  in  1899  on  a 
comparison  in  size  of  fruit  between  the  matted-row  and  hill  systems. 
A  little  more  than  half  of  the  varieties  grown  gave  larger  fruit  under 
the  hill  system,  and  the  remainder  produced  larger  fruit  under  the 
matted-row  system. 

The  experience  and  practice  of  strawberry  growers  in  Oregon, 
Washington,  and  British  Columbia  indicate  that  it  is  undoubtedly 
the  best  practice  for  that  region,  under  prevailing  conditions  and  with 
the  present  varieties,  to  set  out  the  full  number  of  plants  in  the  spring 
from  which  berries  are  to  be  picked  the  following  spring  and  early 
summer,  removing  all  runners  as  they  appear.  The  experimental 
results  in  British  Columbia  tend  to  show  that  this  is  the  best  practice, 
although  the  half-matted  row  gave  good  results.  The  varieties  grown 
in  that  region  make  very  large  plants,  with  many  crowns  and  many 
trusses.  For  example,  on  July  7,  1926,  more  than  120  trusses  were 
counted  on  a  single  plant  of  Ettersburg  121  grown  in  this  way  in  the 
Willamette  Valley  of  Oregon. 

In  eastern  regions  the  experience  and  practice  of  growers  indicate 
that  keeping  the  plants  in  hills  with  the  runners  off  is  not  generally 
good  practice  with  the  varieties  used.  Little  definite  experimental 
evidence  is  available,  but  that  of  Quaintance  in  Georgia  indicates  that 
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the  matted-row  system  of  culture  gives  largest  yields  of  any  there. 
The  results  with  many  varieties  in  New  Jersey  indicate  that  they 
differ  in  their  response  to  the  hill  system  of  culture,  some  kinds  pro- 
ducing best  under  one,  others  under  the  other  system,  and  still  others 
being  adapted  to  either  system.  In  the  Pacific  Northwest  the  plants 
are  commonly  set  3  feet  apart  each  way,  growing  to  very  large  size 
and  occupying  the  land  quite  fully.  Plants  do  not  ordinarily  grow 
so  large  in  hills  under  eastern  conditions  and  practices.  The  incidence 
of  diseases  and  insects  may  perhaps  be  too  great  for  good  results. 
The  results  in  New  Jersey  indicate  that  for  some  varieties  12  inches 
between  plants  under  the  hill  system  would  give  largest  yields. 
The  results  of  Duerkoptf  and  those  reported  here  for  Glenn  Dale, 
Md.,  indicate  the  importance  of  frequent  removal  of  runners  from 
plants  grown  in  hills.  Plants  from  which  runners  are  frequently 
removed  grow  to  larger  size  than  those  from  which  runners  are  picked 
less  frequently.  It  is  probable  that  different  varieties  or  different 
practices  in  growing  plants  in  hills  would  make  the  system  adapted 
to  some  eastern  conditions. 

DISCUSSION 

Several  effects  of  conditions  on  the  development  and  yield  of  plants 
have  been  considered.  Mother  plants  that  produce  and  support  many 
runner  plants  were  found  to  be  much  weaker  and  produce  much  less 
fruit  than  plants  producing  none  or  few  runner  plants.  A  runner 
plant  may  be  weaker  than  the  average  because  it  was  produced  by  a 
branch  runner,  because  it  was  formed  late  in  the  season,  because  of 
insect  or  disease  attacks,  or  because  of  other  unfavorable  conditions. 
It  is  not  known  for  just  how  long  an  inferior  plant  may  produce  weak 
runner  plants  and  continue  weaker  than  the  average  after  being  given 
favorable  conditions. 

Two  recent  reports  give  further  evidence  of  important  differences 
in  planting  stocks.  Clark  {2),  in  New  Jersey,  planted  stocks  of  the 
Howard  17  variety  from  four  sources  in  1926.  In  1927  in  adjoining 
rows  the  yields  of  plants  from  three  sources  were  respectively,  80,  70, 
and  51  per  cent  of  that  of  plants  from  the  fourth  source.  At  the 
Devon  County  Experimental  Station  in  England  {12)  many  similar 
tests  have  been  made.  In  a  test  of  13  strains  of  Royal  Sovereign, 
the  leading  variety  of  England,  from  different  sources,  the  yields 
ranged  from  2.7  to  43.8  hundredweight  per  acre  in  1928.  In  a  much 
more  extended  test  of  two  strains  of  the  same  variety  the  yields  from 
early -set  plants  of  the  two  strains  were  as  follows: 

1927  1928 

Strain  A 24  cwt.  40  cwt. 

Strain  B 8  cwt.  70  cwt. 

Runner  plants  from  A 39  cwt. 

Runner  plants  from  B 38  cwt. 

Strains  A  and  B  showed  striking  differences  in  yield  in  both  1927 
and  1928,  but  strain  A  yielded  much  the  most  in  1927  and  strain  B 
much  the  most  in  1928.  The  runner  plants  produced  by  A  and  B 
at  the  experiment  station  produced  almost  equal  crops.  It  would 
seem  that  there  were  hold-over  effects  of  the  conditions  under  which 
the  plants  developed  at  the  two  sources,  which  were  important  in 
their  effect  on  the  first  crops  and  which  were  in  the  one  case  very 
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unfavorable.  The  plants  of  the  most  productive  strain  (A)  appar- 
ently exhausted  themselves  the  first  year  and  produced  a  relatively 
smaller  crop  the  following  year. 

It  is  not  yet  possible  to  explain  fully  differences  in  yields  such  as 
these.  Differences  in  the  amount  of  virus  diseases  in  strains  or 
differences  in  infestation  by  insects  and  nemas  certainly  often  influ- 
ence the  yield  of  strains.  However,  the  fact  that  runner  plants  from 
two  strains  produced  approximately  the  same  and  the  reversal  of 
position  of  the  two  strains  indicates  a  hold-over  effect  and  not  a 
permanent  difference. 

SUMMARY 

Branch  runners  are  produced  commonly  by  some  varieties  and 
rarely  by  others.  Missionary  and  Klondike  produce  many  runner 
branches. 

In  the  vicinity  of  Washington,  D.  C,  runners  are  produced  during 
the  growing  period  from  about  the  end  of  the  fruiting  season  until 
freezing  weather.  In  the  greenhouse,  runners  may  be  produced  as 
early  as  April  by  horticultural  varieties,  and  throughout  the  winter 
by  Fragaria  cJiiloensis  and  by  species  of  the  vesca  group. 

Organic  sources  of  nitrogen  apparently  are  most  effective  in  run- 
ner-plant production. 

Varieties  differ  greatly  in  the  number  of  runners  produced  and  in 
the  time  of  producing  runners. 

Plants  with  runners  removed  as  they  appear  produce  many  more 
runners  than  plants  allowed  to  form  clons. 

The  Howard  17  variety  forms  few  runner  plants  after  September 
15  in  the  vicinity  of  Washington.  Its  development  is  illustrated  in 
detail. 

There  seems  to  be  little  difference  in  the  runner-producing  capacity 
of  runner  plants  rooting  from  July  to  September  and  allowed  to 
form  runner  plants  that  season. 

Runner  plants  formed  in  October  produce  fewer  runners  than  those 
formed  earlier. 

Careful  grading  as  to  size  seemed  to  be  a  satisfactory  means  of 
selecting  uniform  propagating  stock. 

Runner  plants  formed  during  July  and  August  produce  more  fruit 
than  plants  formed  later. 

When  runner  plants  were  allowed  to  form  at  stated  intervals  only, 
in  any  series,  the  earlier  formed  plants  produced  the  most  fruit  and 
the  latest  the  least  fruit. 

Plants  that  formed  no  more  than  four  runner  plants  and  these  only 
after  September  1  produced  about  half  the  number  of  fruits  as  compared 
to  plants  from  which  aU  runners  were  picked  off  throughout  the  season. 
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INTRODUCTION 

The  data  presented  here  resulted  from  investigations  conducted 
jointly  by  the  Division  of  Farm  Management  and  Costs  of  the  Bureau 
of  Agricultural  Economics,  the  Office  of  Cereal  Crops  and  Diseases 
of  the  Bureau  of  Plant  Industry,  and  the  Division  of  Agricultural 
Engineering  of  the  Bureau  of  Public  Roads,  United  States  Depart- 
ment of  Agriculture,  in  cooperation  with  the  departments  of  agricul- 
tural economics,  agricultural  engineering,  and  agronomy  of  the  Kan- 
sas and  Oklahoma  Agricultural  Colleges  and  Experiment  Stations 
and  the  engineering  experiment  station  of  the  Kansas  State  Agri- 
cultural College.^ 

The  labor  required  for  harvesting  and  threshing  grain  sorghums 
has  been  one  of  the  chief  objections  to  growing  this  crop.  The  com- 
bine (combined  harvester  and  thresher)  is  the  newest  machine  used  for 

1  The  following  men  assisted  in  obtaining  the  data  presented  here:  Roy  Bainer,  assistant  in  agricul- 
tural engineering,  Kansas  Engineering  Experiment  Station,  and  C.  R.  Enlow,  formerly  assistant  agrono- 
mist, Kansas  Agricultural  Experiment  Station;  J.  O.  Ellsworth,  formerly  associate  professor  of  agriciUtural 
economics,  and  R.  W,  Baird,  assistant  in  agricultural  engineering,  Oklahoma  Agricultural  and  Mechanical 
College;  and  C.  D.  Kinsman,  formerly  agricultural  engineer,  Division  of  Agricultural  Engineering, 
Bureau  of  Public  Roads,  United  States  Department  of  Agriculture,  The  assistance  of  these  men  is 
gratefully  acknowledged. 

2  Some  of  these  data  have  been  published  in  the  following  bulletin:   Ellsworth,  J.  O.,  and  Baird, 

R.  W.,  THE  COMBINE  HARVESTER  ON  OKLAHOMA  FARMS,  1926.     Okla.  Agr.  Expt.  Sta.  Bul.  162,  15  p.     1927. 
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harvesting  grain  sorghunis.  The  proper  adjustment  and  use  of  the 
combine  promises  to  facilitate  greatly  the  harvesting  of  grain  sor- 
ghums where  grown  on  an  extensive  scale. 

The  various  methods  used  in  harvesting  grain  sorghums  in  south- 
western Kansas  and  northwestern  Oklahoma  were  investigated  by 
the  United  States  Department  of  Agriculture  in  cooperation  with  the 
Kansas  and  Oklahoma  Agricultural  Experiment  Stations  and  the 
Kansas  Engineering  Experiment  Station  during  the  season  of  1926. 
The  chief  purpose  of  the  investigation  was  to  obtain  a  comparison 
of  the  different  methods  of  harvesting. 

The  varieties  grown,  the  type  of  machines  used,  the  quality  of  the 
threshed  grain,  and  the  cost,  efficiency,  and  limitations  of  each  har- 
vesting method  were  determined.  Most  of  this  information  was 
obtained  from  records  supplied  by  204  farmers  and  machine  operators. 
The  harvesting  losses  and  the  quality  of  grain  obtained  by  different 
methods  of  harvesting  and  threshing  were  determined  by  field  and 
laboratory  experiments.  The  results  here  presented  should  serve  as 
a  guide  in  determining  which  method  of  harvesting  grain  sorghums 
is  advisable  under  various  sets  of  circumstances. 

A  brief  survey  of  grain-sorghum  harvesting  in  the  same  section  in 
1927  substantiated  the  conclusions  drawn  from  the  investigations  of 
1926. 

THE  GRAIN-SORGHUM  CROP 

The  grain  sorghums  are  grown  chiefly  where  the  climate  is  too  dry 
or  hot  for  profitable  corn  production.     The  leading  area  of  grain- 


FlQURE  1. 


-Oatline  map  of  the  United  States,  showing  the  distribution  of  grain  sorghums  in  1924. 
Each  dot  represents  5,000  acres 


sorghum  production  comprises  northwestern  Texas,  western  Oklahoma, 
southwestern  Kansas,  southeastern  Colorado,  and  northeastern  New 
Mexico.  Smaller  quantities  are  grown  in  the  territory  surrounding 
this  area  and  in  Arizona  and  California.  A  map  showing  the  distri- 
bution of  grain  sorghums  in  the  United  States  in  1924  is  presented  in 


Figure  1. 


HAKVESTING   GRAIN    SORGHUMS  6 

The  localities  in  which  the  harvesting  investigations  were  made 
included  a  part  of  the  leading  area  of  commercial  grain-sorghum 
production.  In  most  sections  outside  of  this  area  the  grain  sorghums 
usually  are  grown  for  feeding  on  the  farm.  Much  of  this  feed  is  cut 
with  a  corn  binder  and  fed  in  the  bundle  or  as  silage.  Milo  often  is 
headed  by  hand  and  the  unthreshed  heads  fed  to  stock  either  with 
or  without  previous  grinding. 

CLASSES  OF  GRAIN  SORGHUMS 

The  commercial  classes  of  the  grain  sorghums  are  kafir,  milo,  durra, 
feterita,  darso,  freed  sorgo,  brown  kaohang,  shrock  kafir,  and  shallu. 
The  leading  classes  in  production  are  kafir,  milo,  feterita,  and  darso, 
in  the  order  named.  Shrock,  durra,  freed  sorgo,  and  shallu  are 
grown  less  extensively,  while  brown  kaoliang  has  been  practically 
discontinued  from  cultivation.  Kafir,  milo,  feterita,  and  darso  are 
of  sufficient  importance  to  be  considered  in  the  problem  of  harvesting 


FIOURK  2.— Heads  of  leading  varieties  of  grain  sorghum:  71,  Blackhull  kafir;  34,  Red  kafir;  620, 
Dwarf  hegari;  332,  Dwarf  milo;  182,  feterita;  309,  darso;  616,    Shrock 

methods.  The  kafirs  have  white,  red,  or  pink  seeds,  erect  heads,  and 
juicy  stalks  which  usually  stand  up  well  until  some  time  after  frost. 
The  juicy  stalks  and  green  leaves  often  interfere  with  combining 
until  after  frost.  All  of  the  milos  except  the  Straightneck  variety 
have  some  recurved  heads,  and  all  have  rather  pithy  stalks  which 
may  lodge  at  maturity  or  after  frost.  The  milos  have  large  soft 
yellow  or  white  seeds.  Feterita  has  large  soft  white  seeds,  erect 
heads,  and  tall  rather  pithy  stalks  which  may  lodge  after  maturity. 
Darso  has  loose  erect  heads,  brown  seeds,  and  juicy  stalks  which  are 
not  so  likely  to  lodge.  Shallu  and  durra  shatter  easily  if  permitted 
to  stand  until  overripe,  and  shallu  frequently  lodges.  Heads  of 
some  of  the  leading  grain-sorghum  varieties  are  shown  in  Figure  2. 

The  varieties  of  grain  sorghums  grown  on  the  farms  from  which 
records  were  obtained  are  shown  in  Table  1. 
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Table  1. — Varieties  of  grain  sorghum  and  the  number  of  farms,  classified  according 
to  size,  and  acres  grown  of  each  variety  in  1926 

The  number  of  reports  upon  which  the  averages  are  based  is  indicated  by  the  figure  in  the  small  circle 
at  the  left  of  each  average  area  recorded] 


Farms 


Average  area  grown 


Area  cropped 
(acres) 


Less  than  200  -. 

201  to  400 

401  to  600. 

601  to  800. 

801  and  over.... 

All  farms. 


Milo 


Num- 
ber 


Dwarf 
Yellow 


204 


(0      58 


Standard 
Yellow 


Acres 


© 


Straight- 
neck 


®     11 


Kafir 


Standard 
BlackhuU 


Acres 
@  28 
®  45 
@  47 
®  50 
128 


Dawn 
(Dwarf) 


S 


Acres 
©  37 
®  61 
©  64 
®  22 
(D    550 


22       @      16 


Other 
kafir 


Acres 
®      23 
®      32 
©      67 


®    290 


Other 

grain 

sorghums 


Acres 
®    18 
©    30 
©    26 


©      1 


1  Reports  totaling  148  were  received  from  204  farms. 

The  milos  are  the  most  important  grain  sorghums  in  the  section 
where  these  records  were  obtained.  The  204  farmers  reported  an 
average  of  70  acres  of  milo,  41  acres  of  kafir,  and  1  acre  of  other 
grain  sorghums.  Dwarf  Yellow  milo  is  the  leading  variety  of  that 
class,  and  the  Straightneck  variety  was  second  in  importance.  The 
Standard  BlackhuU  was  the  leading  kafir  variety,  followed  by  Dawn 
(Dwarf).  Other  kafir  varieties  grown  were  Bishop,  Red,  Sunrise,  and 
Pink.  Miscellaneous  grain  sorghums  grown  included  feterita,  darso, 
and  Dwarf  hegari. 

Of  the  204  farmers,  85  grew  only  one  variety  of  grain  sorghums, 
110  grew  two,  8  grew  three,  and  1  grew  four.  Many  of  these  farmers 
also  grew  one  or  more  varieties  of  sorgo  (sweet  sorghum),  broomcorn, 
and  Sudan  grass. 

A  considerable  acreage  of  sorgo  or  sweet  sorghum,  especially  of  the 
Sourless  variety,  was  harvested  and  threshed  for  seed.  The  data  on 
sorgo  harvesting  are  not  presented  in  this  bulletin. 


LIMITATIONS  OF  SORGHUM  GROWING 

In  spite  of  their  greater  productivity  and  their  higher  acre  value, 
the  grain  sorghums  are  grown  to  a  less  extent  than  wheat  and  corn 
in  many  sections  where  the  three  crops  are  grown. 

Wheat  or  other  crops  grown  on  land  immediately  following  sor- 
ghums usually  yield  less  than  after  corn,  partly  because  the 
sorghums  grow  later  in  the  fall  and  leave  the  soil  drier  and  more 
impoverished  and  perhaps  partly  because  of  toxic  material  from  sor- 
ghum. Thus  the  grain  sorghums  do  not  fit  as  well  into  a  winter- 
wheat  rotation  as  does  corn.  The  acreage  of  grain  sorghum  per  man 
which  can  be  grown  is  less  than  that  of  wheat  because  of  the  necessity 
of  cultivation  and  the  labor  of  harvesting.  The  man  labor  required 
to  harvest  an  acre  of  grain  sorghum  by  the  common  method  of  hand 
topping  is  several  times  that  required  to  harvest  and  thresh  wheat 
with  a  combine.  Unless  the  grain-sorghum  crop  can  be  harvested 
successfully  by  machine  methods  it  can  not  compete  with  wheat 
except  on  very  sandy  soils  where  wheat  is  not  successful. 


HARVESTING  GRAIN   SORGHUMS  5 

The  average  gross  return  per  acre  from  grain  sorghums  in  western 
Kansas  and  Oklahoma  is  greater  than  from  either  wheat  or  corn. 
If  production  costs  can  be  reduced,  grain  sorghum  should  replace 
much  of  the  corn  now  grown  in  this  section.  The  amount  of  labor 
required  to  harvest  and  thresh  grain  sorghums  by  the  older  methods 
is  about  the  same  as  the  labor  of  husking  and  shelling  corn.  The 
combine  offers  a  possibility  of  greatly  reducing  the  labor  of  harvest- 
ing and  threshing  grain  sorghum  and  eliminates  the  need  for  tran- 
sient labor  during  sorghum  harvest. 

INVESTIGATION  OF  HARVESTING  METHODS 

LOCATION  AND  DESCRIPTION  OF  THE  AREA 

The  methods  of  harvesting  grain  sorghums  were  studied,  and 
records  obtained,  in  Grant,  Haskell,  Gray,  Ford,  Clark,  Meade, 
Seward,  Stevens,  and  Morton  Counties,  Kans.,andin  Cimarron,  Texas, 
and  Beaver  Counties,  Okla.  The  average  annual  precipitation  in  this 
area  is  about  20  inches,  being  greater  in  the  eastern  portion  and  less 
than  20  inches  in  the  western  portion.  About  three-fourths  of  the 
precipitation  occurs  during  the  growing  season,  April  to  September, 
inclusive.  The  average  precipitation  during  the  months  of  October 
and  November,  when  most  of  the  grain  sorghums  are  being  harvested 
and  threshed,  is  only  about  2  inches.  The  dry  fall  weather  makes  sor- 
ghum harvesting  relatively  simple  in  most  seasons.  The  average  date 
of  the  first  killing  frost  in  the  fall  is  about  October  10  to  15  in  most 
of  the  area. 

The  soils  in  this  area  are  referred  to  locally  as ''  hard  land  "  and  sand. 
These  two  types  have  been  classed  by  the  United  States  Bureau  of 
Chemistry  and  Soils  as  Richfield  loam  and  Richfield  sands  and  sandy 
loams.  The  Richfield  loam  is  a  brown  silt  loam  which  is  cropped 
principally  to  wheat.  Some  grain  sorghums  are  grown  on  this  hard 
land,  but  they  are  not  very  successful  in  dry  seasons.  Wheat,  corn, 
and  sorghums,  including  broomcorn,  are  grown  on  the  sandy-loam 
soils,  which  are  intermediate  i  i  texture  between  the  hard  lands  and 
sands.  The  sandy  soils  are  mostly  too  light  in  texture  for  successful 
wheat  production  and  are  devoted  very  largely  to  grain  and  forage 
sorghums,  broomcorn,  and  corn.  In  general,  wheat  and  combines 
were  found  on  the  hard  lands  and  sorghums  with  little  or  no  wheat 
and  few  combines  on  the  sandy  lands.  Combines  were  used  for 
harvesting  grain  sorghums  mostly  on  the  farms  where  both  wheat 
and  grain  sorghums  were  grown. 

FARM  ORGANIZATION 

Two  general  types  of  farming  exist  in  the  area  in  which  the  study 
was  made,  but  minor  differences  in  organization  occur  on  many  of 
the  farms  of  each  type.  The  soil  type  largely  determined  the  type 
of  farming  followed  in  different  localities. 

Farms  located  entirely  on  the  heavy  soils  grow  little  if  any  grain 
sorghum,  except  in  years  when  wheat  fails,  when  sorghum  is  grown 
as  a  catch  crop.  Farms  on  the  sandy  land  usually  do  not  produce 
wheat.  Many  farms  have  both  heavy  and  sandy  soils,  or  else  sandy- 
loam  soils,  and  produce  both  wheat  and  grain  sorghums  yearly  on 
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varying  acreages.     It  was  from  these  farms  that  most  of  the  infor- 
mation was  obtained. 

For  the  area  as  a  whole,  wheat  is  the  most  important  crop,  fol- 
lowed by  grain  sorghums  and  broomcorn.  Livestock,  except  on  the 
larger  farms,  is  relatively  unimportant. 

CROPS 

The  principal  crops  and  the  average  acres  of  each  on  farms  with 
different  numbers  of  crop  acres  are  shown  in  Table  2. 

For  most  of  the  farms  the  cropping  system  is  closely  related  to 
wheat.  In  favorable  years  more  wheat  and  less  grain  sorghum  are 
grown.  In  years  when  part  of  the  wheat  is  destroyed  by  drought  or 
soil  blowing  during  the  fall,  winter,  or  spring,  more  grain  sorghums 
are  grown,  as  they  are  planted  on  the  abandoned  wheat  fields.  Of 
the  total  farms  studied  there  were  48,  or  about  24  per  cent,  on  which 
no  wheat  was  grown.  These  were  the  farms  located  on  sandy  land 
subject  to  soil  blowing.  All  but  two  of  these  farms  on  which  wheat 
was  not  grown  had  less  than  400  acres  in  crops. 


Table  2.- 


-  Acreages  of  different  crops  on  farms  of  different  sizes  in  southwestern 
Kansas  and  northwestern  Oklahoma  in  1926 


Farms 

Crop  or  farm  acreage  in— 

Area  cropped  (acres) 

Num- 
ber 

Winter 
wheat 

Milo 

Kafir 

Other 
grain 
sor- 
ghums 

Total 
grain 
sor- 
ghum 

Sorgo 

and 

Sudan 

grass 

Broom- 
corn 

Less  than  200 

41 
84 
35 
29 
15 

Acres 
17 
158 
312 
471 
739 

Acres 
64 
64 
76 
96 
61 

Acres 
17 
39 
36 
33 
144 

Acres 

1 

2 

3 

Acres 
82 
103 
114 
132 
205 

Acres 
13 
13 
18 
22 
38 

Acres 
13 

201  to  400 

10 

401  to  600- 

11 

601  to  800 

3 

801  and  over. _. 

Total  or  average 

204 

243 

70 

41 

1 

n2 

17 

9 

Farms 

Crop  or  farm  acr 

3age  in- 

Nmn- 
berof 
farms 
not 
raising 
wheat 

Area  cropped  (acres) 

Num- 
ber 

Corn 

Miscel- 
laneous 
crops 

Total 
other 
crops 

Total 
other 
crop 
land 

Total 
crop 
land 

Area 

not 

cropped 

Total 
area  of 
farms 

Less  than  200 

41 
84 
35 
29 
15 

Acres 
13 
12 
21 
25 
61 

Acres 
1 
1 
5 
13 
4 

Acres 
40 
36 
55 
63 
103 

Acres 

ii' 

16 
79 

Acres 
139 
297 
492 
682 

1,126 

Acres 
121 
174 
161 
365 
358 

Acres 

260 

471 

653 

1,047 

1,484 

31 

201  to  400... 

15 

401  tofiOO 

1 

601  to  800 

801  and  over ._       

1 

Total  or  average 

204 

19 

4 

49 

10 

414 

202 

616 

48 

About  59  per  cent  of  the  cropped  land  of  all  farms,  or  an  average 
of  243  acres  per  farm,  was  in  wheat,  the  most  important  cash  enter- 
prise in  the  area.  Grain  sorghums  occupied  27  per  cent  of  the  crop 
acreage,  or  an  ^^rea  of  112  acres  per  farm.  This  crop  is  the  principal 
cash  enterprise  on  many  of  the  farms  located  entirely  on  the  sandy 
land.     For  practically  all  farms,  however,  this  crop  furnishes  the  bulk 
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of  the  grain  fed  to  livestock.  In  addition  to  these  two  important 
crops  which  occupied  all  but  14  per  cent  of  the  crop  land  there  was 
an  average  of  19  acres  of  corn,  used  almost  entirely  for  feed,  17  acres 
of  sorgo  and  Sudan  grass  cut  for  hay,  9  acres  of  broomcorn,  a  cash 
crop  grown  on  many  of  the  smaller  sandy-land  farms,  and  4  acres  of 
miscellaneous  crops.  Some  of  the  larger  farms  had  summer  f allow- 
on  a  part  of  the  crop  land,  but  the  practice  of  summer  fallowing  is 
not  common  among  farmers  of  this  area. 

On  those  farms  where  the  grain-sorghum  crop  was  cut  with  a 
combine,  this  machine  was  being  used  to  harvest  nearly  all  of  the 
other  crops  for  which  it  was  practicable  to  use  it.  As  combines  are 
purchased  primarily  to  harvest  the  wheat  crop,  there  were  none  on 
farms  where  wheat  was  not  grown. 

UVESTOCK 

The  livestock  enterprise  on  most  farms  visited,  except  those  in  the 
two  larger  crop-area  groups,  is  relatively  unimportant  as  compared 
with  wheat,  grain  sorghum,  and  broomcorn.  There  were  three  farms 
that  had  no  livestock,  as  the  operators  and  their  families  moved  to 
town  or  spent  the  winter  in  other  localities.  Table  3  shows  the 
kind  and  number  of  livestock  found  on  the  farms  with  different 
numbers  of  crop  acres. 


Table  S.- 


-Livestock  on  farms  with  different  acreages  in  crops  in  southwestern  Kansas 
and  northwestern  Oklahoma 


Farms 

Horses 

Cattle 

Hogs 

Chick- 
ens 

Farms 
having 
no  live- 
stock 

Area  cropped  (acres) 

Num- 
ber 

Work 

Other 

Beef 

Milk 
cows 

Young 

Less  than  200 

41 
84 
35 
29 
15 

7 
9 
11 
12 
13 

1 

1 
3 

1 

6 
9 

3 
4 

5 
4 

2 
3 
4 
6 
2 

3 

5 
6 
15 
15 

113 
133 
191 
142 
209 

201  to  400 

1 

401to600 

601  to  800 

1 

801  and  over 

40  :               3 

1 

Total  or  average 

204 

10 

1 

7  '.           4 

3 

7 

146 

3 

The  number  of  livestock  for  all  farms  increased  gradually  as  the 
size  of  the  farm  increased,  except  for  the  number  of  cattle  on  the 
larger  farms.  This  group  of  farms  had  nearly  as  many  cattle  as  all 
the  others  combined.  While  the  average  per  farm  is  high,  however, 
most  of  these  cattle  were  in  a  few  herds  on  farms  where  large  acre- 
ages of  pasture  were  available. 

There  were  five  farms  on  which  there  were  no  horses.  These  farms 
were  operated  entirely  by  mechanical  power.  Four  other  farms  had 
only  one  team  of  work  horses,  depending  on  tractors  and  autotrucks 
for  the  bulk  of  the  power.  The  largest  number  of  work  horses  on 
any  single  farm  was  35  head. 


MECHANICAL  POWER 


The  number  of  tractors  and  trucks  used  on  these  farms  to  furnish 
mechanical  power  for  different  operations  and  the  number  of  farms 
having  neither  are  shown  in  Table  4. 
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Table  4. — Mechanical  power  on  farms  of  different  sizes  in  southwestern  Kansas 
and  northwestern  Oklahoma 


Farms 

Tractor  (drawbar 
horsepower) 

Size  of  truck 

Farms  wHhout 

Farms  with 
more  than  1 

Area  cropped  (acres)    ^^^' 

12  and 

less 

15  and 
16 

18,20, 
and  22 

Iton 
and  less 

Over 
Iton 

Tractor 

Truck 

Tractor 

Truck 

Less  than  200 

41 
84 
35 

29 

2 

\l 

11 
4 

1 
13 
11 
17 

9 



4" 

3 

6 

3 

15 
11 
7 
13 

r 

1 
4 

38 
58 
10 
4 
2 

38 
69 
23 
19 
6 

201  to  400 

401  to  600 

........ 

6 

15 

1 

601  to  800    .         

1 

801  and  over 

Total 

15 

13 

204 

44 

51 

13 

49 

6 

112 

155 

14 

5 

1  One  farm  had  3. 

Only  three  of  the  smaller  farms  had  a  tractor,  three  had  a  truck, 
and  comparatively  few  operators  in  the  next-sized  group  had  a  tractor 
or  a  truck.  A  tractor  is  not  necessary  or  practical  on  these  sandy-land 
farms.  No  wheat  is  grown,  much  of  the  land  is  too  sandy  to  plow, 
and  the  tractor  wheels  could  not  obtain  sufficient  traction  for  pulling 
a  heavy  load  on  this  land.  Ownership  of  trucks  also  is  limited  on 
these  farms,  as  there  is  not  enough  hauling  to  warrant  their  purchase, 
and  the  roads  are  such  that  hauling  by  team  is  more  economical.  On 
two  of  the  larger  hard-land  farms  where  considerable  wheat  was  grown 
three  tractors  were  owned,  and  on  one  farm  there  were  three  trucks. 
On  nine  farms  where  both  tractors  and  trucks  were  owned  little  or  no 
work  was  done  with  horses.  Five  had  no  horses  and  four  had  only 
one  team. 

MAN  LABOR 

All  farmers  who  produced  wheat  used  hired  labor  at  harvest  time, 
and  practically  every  farmer  had  hired  labor  to  help  harvest  and 
thresh  the  grain-sorghum  crop.  The  farms  on  which  broomcorn  was 
grown  employed  a  larger  number  of  hired  hands  at  harvest  time  than 
farms  raising  any  other  crop.  To  thresh  and  bale  broomcorn  for 
market  with  a  large  outfit  requires  a  crew  of  15  to  20  men. 

The  majority  of  farms  were  operated  by  one  man  with  the  help  of 
hired  labor  during  the  spring  and  fall.  A  few  were  operated  with  the 
help  of  family  labor  plus  a  little  hired  help  during  the  harvest  season. 
There  were  five  farms  on  which  no  hired  labor  was  employed  during 
the  year  and  six  farms  on  which  there  was  no  hired  or  family  labor, 
the  operator  doing  all  the  work. 

Labor  was  performed  for  only  part  of  the  year  on  only  three  farms, 
and  these  were  the  farms  that  had  no  livestock. 


METHODS  OF  HARVESTING 

The  methods  of  harvesting  grain  sorghums  in  the  area  studied 
included  hand  heading,  row  binding,  cutting  with  the  grain  header, 
combining,  and  such  miscellaneous  methods  as  cutting  with  the  wagon- 
box  header  and  the  grain  binder.  The  method  followed  depended 
chiefly  upon  the  expected  disposal  of  the  crop  and  upon  the  equipment 
available. 

Records  of  harvesting  and  threshing  were  obtained  from  204  farmers. 
Only  119  of  these  followed  only  one  method  of  harvesting  their  grain 
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sorghums.  Of  the  remainder,  73  used  two  methods  and  12  used 
three  methods.  Records  thus  were  obtained  from  301  harvesting 
operations. 

HAND  HEADING 


Figure  3.— Knife  used  for  heading  grain  sorghums  by  hand 

The  most  common  method  of  harvesting  grain  sorghums,  especially 
milo,  in  the  area  studied  was  to  cut  the  heads  from  the  stalks  with 


P'lGURE  4.— Heading  grain  sorghums  by  hand  with  a  crew  of  three  men  and  teams 

a  knife  and  throw  the  heads  in  a  wagon.  This  method  is  called 
hand  heading,  topping,  or  picking.  The  type  of  knife  generally  used 
is  illustrated  in  Figure  3.     The  wagons,  equipped  with  a  box  and 


Figure  5.— A  rick  of  milo  headed  by  hand 

*'bump  board,''  or  simply  with  header  barges  or  hay  racks,  were 
drawn  along  the  rows.     A  view  of  hand  heading  is  shown  in  Figure 
4.     This  method  is  somewhat   comparable  to  husking  corn  from 
43094—29 2 
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standing  stalks.  The  head  was  grasped  in  one  hand,-  and  with  the 
knife  in  the  other  hand  the  stalk  was  severed  at  a  distance  of  2  to  7 
inches  below  the  base  of  the  head.     Usually  several  heads  were  cut 


Figure  6.— Harvesting  kafir  with  a  row  binder 


Two 


off  and  held  in  the  hand  before  being  thrown  into  the  wagon, 
rows  usually  were  harvested  in  one  trip  across  a  field. 

The  loads  of  heads  were  pitched  on  the  ground  in  long  narrow 
ricks  about  4  to  7  feet  wide  at  the  base  and  3  to  4  feet  or  more  in 
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Figure  7.— Heading  bundles  of  kafir  with  a  "cheese  knife" 

height.     The  ricks  were  left  without  protection,  to  dry  until  threshed. 
A  rick  of  hand-headed  milo  is  shown  in  Figure  5. 
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ROW  BINDING 

The  use  of  the  row  binder  (corn  binder)  for  harvesting  grain  sor- 
ghum to  be  threshed  was  confined  chiefly  to  kafir  the  stover  of  which 
was  desired  for  feed.  Much  of  the  kafir  and  other  grain  sorghums 
harvested  with  the  row  binder  is  fed  in  the  bundle.  Grain  sorghums 
cut  with  the  row  binder  are  set  in  shocks  similar  to  corn  shocks.  A 
row^  binder  in  operation  is  shown  in  Figure  6. 

Several  methods  of  threshing  grain  sorghums  cut  with  the  row 
binder  are  practiced.  Sometimes  the  whole  bundles  are  fed  into  the 
thresher.  At  other  times  the  head  ends  of  the  bundles  are  pushed 
into  the  thresher  cylinder  and  held  there  until  the  grain  is  threshed 
off,  when  the  butts  of  the  bundles  are  withdrawn  and  thrown  aside. 

Sometimes  the  bundles  are  placed  on  a  block  and  the  heads  chopped 
off  with  an  ax  or  a  heavy  knife.  A  more  common  method  is  the 
use  of  the  so-called  ^'cheese  knife,"  shown  in  Figure  7,  which  consists 
of  a  long  blade  and  handle  mounted  on  the  side  of  a  wagon.  The 
wagon  is  driven  beside  the  shock,  and  the  bundles  are  placed  under 


Figure  8. 


-Heading  and  threshing  bound  kafir  with  a  combine  equipped  with  a  vertical  sickle 
attachment 


the  knife  and  the  heads  sheared  off  by  a  man  standing  in  the  wagon 
who  pushes  down  the  handle.  The  severed  heads  are  hauled  directly 
to  the  thresher  or  are  piled  in  ricks  before  being  threshed. 

Some  combines  are  provided  with  special  sickles  which  operate 
with  the  sections  in  a  vertical  position  for  use  in  cutting  the  heads 
from  sorghum  bundles.  (Fig.  8.)  The  sorghum  bundles  are  held 
across  the  sickle,  and  the  severed  heads  fall  on  the  combine  platform 
canvas,  which  carries  them  to  the  cylinder.  Combines  equipped 
with  this  sickle  are  pulled  up  to  a  sorghum  shock,  the  heads  are  cut 
off  and  threshed,  and  the  stover  reshocked. 

MACHINE   HEADING 

The  grain  header  has  been  used  for  harvesting  grain  sorghums, 
especially  kafir,  for  many  years.     The  heads  are  cut  off  and  elevated 
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into  the  barge  and  then  hauled,  dumped  in  ricks,  and  left  until  ready 
to  thresh.  The  operation  of  curing  and  threshing  sorghums  cut  with 
the  header  is  the  same  as  when  they  are  cut  by  hand,  except  that  there 
is  more  stalk  to  be  handled.  Eight  to  twelve  inches  of  stalk  usually 
are  cut  off  with  the  heads.  The  use  of  the  header  in  harvesting 
grain  sorghums  is  illustrated  in  Figures  9  and  10. 


Figure  9.— Harvesting  kaflr  with  a  grain  header 


Figure  10.— A  labor-saving  method  of  unloading  headed  milo  from  a  header  barge.  A  sling  is  placed 
in  the  bottom  of  the  barge  and  attached  to  the  low  side.  In  unloading,  a  horse  is  hitched  to 
the  free  end  of  the  sling,  and  the  heads  are  rolled  to  the  ground 

COMBINING 

The  most  recent  development  in  the  harvesting  of  grain  sorghums 
has  been  the  use  of  the  combine.  It  had  been  thought  that  the 
combine  would  not  be  practicable,  because  the  sorghum  stalks  contain 
so  much  moisture  when  the  grain  reaches  maturity.  A  few  farmers 
began  using  the  combine  for  harvesting  grain  sorghums  about  seven 
years  ago,  and  its  use  is  increasing  rapidly  in  spite  of  certain  mechan- 
ical limitations  of  the  machine  in  harvesting  this  crop  and  the 
disadvantages  in  handUng  or  storing  damp  grain.     (Fig.  11.) 
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There  was  little  increased  use  of  the  combine  on  grain  sorghums  in 
1927,  because  of  the  tallness  and  late  maturity  of  the  crop. 

Most  of  the  53  combines  studied  had  been  used  onlj^  one  season. 
Of  the  53  combines  of  which  the  year  of  purchase  was  mentioned,  38 
were  purchased  in  1926,  4  in  1925,  10  in  1924,  and  1  in  1921. 

Little  difficulty  was  encountered  from  side  draft  on  combines  even 
in  harvesting  heavy-stalked  grain  sorghums.  Of  48  operators  report- 
ing, 33  observed  no  side  draft.  It  has  been  found  that  the  side  draft 
of  combines  is  practically  eliminated  when  a  grain  tank  is  attached 
or  a  grain  wagon  pulled  along  by  the  combine. 

All  of  the  combines  in  the  area  studied  were  purchased  for  har- 
vesting wheat.  This  made  the  interest,  depreciation,  and  repair 
charges  on  the  combine  difficult  if  not  impossible  to  allocate  propor- 
tionately against  the  wheat  and  the  grain  sorghums.  There  was 
more  breakage  of  equipment  such  as  sprockets,  belts,  drive  chains, 
and  slats  in  harvesting  grain  sorghums  than  in  cutting  wheat,  but 
these  parts  may  have  become  badly  worn  during  wheat  harvest. 


Figure  11.— Harvesting  milo  with  a  combine 

The  corrugated  surface  of  fields  of  lister-planted  sorghums  undoubt- 
edly caused  greater  strains  on  the  combines  than  did  the  smoother 
wheat  fields.  More  than  four-fifths  of  the  operators  considered  the 
wear  and  tear  on  combines  greater  in  harvesting  sorghums  than  in 
harvesting  wheat;  the  average  estimate  indicated  that  it  was  about 
80  per  cent  greater. 

MISCELLANEOUS  METHODS 

The  oldest  method  of  harvesting  grain  sorghums  is  to  cut  the 
stalks  with  a  corn  knife  or  similar  large  blade.  This  is  the  usual 
harvesting  method  in  Africa  and  China,  where  labor  is  cheap,  but  it 
is  not  practiced  in  the  United  States  except  in  ver}^  small  fields  where 
the  purchase  of  harvesting  machinery  would  not  be  economical. 
wSeveral  special  grain-sorghum  headers  have  been  devised,  and  a  few 
are  in  use.  These  headers  are  suitable  only  for  an  erect  crop  like 
kafir,  and  for  best  results  the  plants  should  be  of  uniform  height. 
Their  chief  disadvantage  is  that  they  have  no  other  uses  and  thus 
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require  a  considerable  investment  for  a  single  operation.  Difficulty 
often  is  encountered  in  harvesting  a  crop  with  a  two-row  header 
which  was  planted  with  a  one-row  planter  because  of  the  variable 
distance  between  rows.  A  one-row  kafir  header  attached  to  a  wagon 
box  is  shown  in  Figure  12. 

This  machine  costs  about  $75  and  may  prove  to  be  more  econom- 
ical for  harvesting  kafir  than  heading  by  hand.  This  machine  places 
a  severe  strain  on  the  wagon. 


Figure  12.— A  one-row  kafir  header  attached  to  a  wagon  box 


^The  grain  binder  is  suitable  for  harvesting  only  light  and 'short 
crops  of  grain  sorghum. 

COMPARISON  OF  HARVESTING  METHODS 

The  various  applications  and  limitations  of  the  different  methods 
of  harvesting  are  discussed  here.  Following  these  data  the  economic 
and  mechanical  problems  are  considered. 


ACREAGE  HARVESTED 

Kecords  were  obtained  as  to  the  methods  used  in  harvesting  21,199 
acres  of  grain  sorghum  in  1926.  Of  this  acreage,  4,160  acres  (19.6 
per  cent)  were  harvested  with  combines,  7,546  acres  (35.6  per  cent) 
with  headers,  465  acres  (2.2  per  cent)  with  row  binders,  and  9,028 
acres  (42.6  per  cent)  by  hand.  These  acreages  do  not  represent  true 
proportions  of  the  methods  used,  as  records  of  too  many  combines 
and  too  few  row  binders  were  obtained  in  comparison  with  the  total 
number  used  in  the  area.  Probably  not  more  than  5  per  cent  of  the 
grain  sorghum  in  the  area  visited  was  cut  with  combines  in  1926. 
The  records  show  that  hand  heading  is  the  most  common  method 
of  harvesting  and  that  cutting  with  the  grain  header  is  second  in 
popularity. 
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The  number  of  operators  and  the  average  acreage  harvested  by- 
each  method  are  shown  in  Table  5.  The  largest  average  acreage  per 
farm  was  cut  with  the  header  and  the  smallest  acreages  with  the  row 
binder.  The  average  acreages  harvested  with  the  combine  and  by 
hand  were  about  the  same.  These  data  show  that  with  the  exception 
of  row  binding  the  method  of  harvesting  used  did  not  depend  partic- 
ularly upon  the  acreage  of  grain  sorghum  to  be  harvested  and  that 
the  chief  reason  for  using  the  combine  was  not  because  of  large 
acreages  to  be  harvested.  In  1927,  however,  a  number  of  farmers 
cut  as  much  as  160  acres  of  grain  sorghum  with  a  single  combine, 
and  one  farmer  cut  1,280  acres  with  four  combines. 

Table  5. — Relation  between  the  method  and  the  time  of  harvesting  grain  sorghums 


Records 

ob- 
tained 

Crops  harvested 

Average 
acres 

Acre 
yield 

Average  number  of  days— 

Method  of  harvesting 

Before 
frost 

After 
frost 

Before 
and 
after 
frost 

Of  harvesting 

Lost 

Total 

Net 

time 

Combine  .     . 

64 

98 

15 

148 

Number 
33 
47 
14 
72 

Number 

24 

33 

1 

23 

Number 
7 
18 

63" 

65 

77 
31 
61 

Bushels 
16 
16 
14 
20 

4 

6 

5 

16 

3 
.  6 

5 
14 

Header 

1 

Row  binder ..     . 

Hand  headed 

2 

TIME  OF  HARVESTING 

The  relation  of  the  method  to  the  time  of  harvesting  is  shown  in 
Table  5.  About  half  of  the  fields  harvested  with  the  combine,  the 
header,  and  by  hand,  and  all  but  1  of  the  15  fields  cut  with  the  row 
binder,  were  cut  before  the  frost  on  October  23, 1926.  The  first  frosts 
in  both  1926  and  1927  were  somewhat  later  than  the  average  for  the 
area.  Many  of  the  combine  operators  did  not  wait  until  after  frost 
to  harvest  the  grain-sorghum  crop,  but  they  did  not  start  the  com- 
bines until  harvesting  by  other  methods  was  well  under  way.  Milo 
could  be  cut  with  the  combine  earher  than  kafir  because  the  stalks 
were  drier. 

VARIETIES 

The  methods  of  harvesting  the  different  varieties  of  grain  sorghum 
are  shown  in  Table  6.  About  two-thirds  of  the  growers  of  Dwarf  and 
Standard  milo  harvested  the  crop  by  hand.  Of  the  31  growers  of 
Straightneck  milo,  13  (about  40  per  cent)  harvested  this  crop  by  hand. 
It  is  evident  that  kafir  is  well  adapted  to  machine  harvesting,  because 
only  24  of  the  119  fields  were  cut  by  hand.  More  kafir  than  milo 
was  cut  with  the  row  binder,  because  the  fodder  was  desired  for  feed 
and  also  because  milo  makes  irregular  bundles. 

LODGING 

The  farmers  were  requested  to  name  the  classes  of  grain  sorghum 
in  the  order  of  lodging.  Most  of  the  growers  of  milo  and  feterita 
indicated  that  these  lodged  badly,  while  kafir,  hegari,  and  durra  were 
reported  as  being  less  likely  to  lodge.  Lodging  probably  is  the  most 
serious  handicap  to  machine  harvesting  of  grain  sorghums.  A  frost 
followed  by  a  high  wind  frequently  breaks  down  the  stalks  so  badly 
that  hand  heading  is  the  only  feasible  method. 
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Table  6. — Methods  of  harvesting  different  varieties  of  grain  sorghum 

[The  number  of  reports  upon  which  the  averages  are  based  is  indicated  by  the  figure  in  the  small  circle 
at  the  left  of  each  average  area  recorded] 


Method  of 
harvesting 


Records 
obtained 


Combine 

Header 

Row  binder.. 
Hand  headed 


15 
148 


Average  area  harvested 


Milo 


Dwarf 
Yellow 


Acres 
®  73 
@  73 
®  40 
(1)    71 


Stand- 
ard 
Yellow 


Straight- 
neck 


Acres 
®  18 
®    60 


®    66 


Acres 
®  89 
@  55 
.._  0 
@    46 


Kafir 


Black- 
hull 


Acres 
@    59 


®    35 
@    29 


Dawn 
(Dwarf) 


Acres 
®  47 
@  115 
®    23 


Other 
kafir 


Acres 


®  78 
®  25 
®    12 


Other 
grain 
sor- 
ghums 


Acres 


®    30 
"®"'36' 


Average 
of  all 
types 
grown 


Acres 


1  Reports  of  hand  heading  totaled  105. 


SHATTERING 


Few  growers  of  milo  reported  that  it  shattered  worse  than  other 
grain  sorghums,  but  many  of  the  kafir  growers  reported  kafir  first  in 
shattering,  and  all  growers  reporting  stated  that  feterita  shattered 
worse  than  other  sorghums.  No  reports  were  received  regarding 
the  shattering  of  durra  and  shallu,  which  are  known  to  shatter  very 
easily  but  which  are  seldom  grown. 

No  appreciable  shattering  was  observed  in  1926.  As  a  rule,  milo 
will  not  suffer  losses  from  shattering.  Kafir  will  shatter  if  left  stand- 
ing too  long  after  the  grain  is  mature  or  after  a  hard  frost. 


HEIGHT   OF  CROP 

Grain-sorghum  crops  varying  from  13^  to  7  feet  in  height  were  being 
harvested  with  headers  and  combines.  Grain  sorghums  taller  than 
7  feet  are  too  tall  for  the  combine  and  header  and  usually  are  cut 
with  a  row  binder.  Data  obtained  regarding  the  height  of  stubble 
were  rather  indefinite,  but  in  general  the  hand  cutting  left  the  highest 
stubble ;  the  header  the  next  highest ;  the  combine  the  next  highest ; 
and  the  row  binder  the  shortest  stubble.  The  maximum  height  of 
cutting  with  headers  and  combines  is  about  48  inches  after  extra 
parts  are  added  or  readjustments  made.  Most  sorghum  fields  were 
cut  at  a  height  of  2  to  3  feet. 

Dawn  (Dwarf)  and  Standard  Blackhull  kafir  and  Dwarf  milo 
seldom  are  too  tall  to  cut  with  headers  and  combines,  but  Standard 
feterita.  Standard  milo,  and  Sunrise  kafir  frequently  are  too  tall  to 
be  harvested  with  these  machines. 

HARVESTING  LOSSES 

The  average  losses  sustained  in  harvesting  kafir  and  milo  with 
combines  and  headers  are  shown  in  Table  7  and  graphically  in  Figure 
13.  Loss  counts  were  made  in  107  fields.  The  average  losses  are 
higher  with  milo  than  with  kafir,  and  higher  with  the  combine  than 
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with  the  header.  The  losses  in  combining  kafir  varied  from  1  to  33 
per  cent  and  in  heading  kafir  from  1  to  26  per  cent.  The  loss  in 
combining  Dwarf  and  Standard  milo  varied  from  4  to  51  per  cent, 
and  in  heading  these  varieties  it  varied  from  0.1  to  45  per  cent. 
Corresponding  ranges  in  losses  in  harvesting  Straightneck  milo  were 
5  to  50  per  cent  with 

combines  and  7  to  27  //^^^^sr/z/s^  z^ss  r^^^  c^/^rj 

per  cent  with  headers. 
The  range  in  these 
losses  shows  that  clean 
harvesting  is  possible 
with  good  operation 
under  favorable  con- 
ditions. The  highest 
losses  were  in  fields  in 
which  the  crop  had 
lodged  badly  or  was 
very  uneven  in  height. 
Three  sources  of  loss 
are  shown  in  Table  7.  The  losses  from  short  stalks  in  combining  are 
almost  negligible  but  are  slightly  higher  after  the  header  because 
of  higher  cutting.  Considerable  losses  were  sustained  on  account 
of  lodged  milo  stalks.  The  milo  cut  with  the  header  w^as  cut  earlier 
than  that  cut  with  the  combine  and,  consequently,  before  so  much 
of  the  crop  had  lodged. 

Table  7. — Average  losses  in  harvesting  kafir  and  milo  with  combines  and  headers, 
showing  losses  due  to  short  stalks,  lodged  stalks,  and  heads  cut  and  dropped 


A>?y^/ye  /7:np/>f^//n^ 


^/f/^//2  C^£>?l?£^JeJ 


Af//.6?  /^C^Af^//if£j 


/*^/Z.iP  ^//^j^£f£/aj 


Figure  13. 


Avera 
an( 


;e  percentage  losses  of  grain  in  harvesting  kafir 
milo  with  headers  and  combines 


Method  of  har- 
vesting 

Num- 
ber of 
fields 

Harvesting  losses  of  heads 
per  acre 

Per- 

Crop 

Short 
stalks 

Lodged 
stalks 

Heads 
cut  and 
dropped 

Total 

centage 
of  loss 

Kafir 

Combine 

30 
18 

1 
28 
21 

4 

Pounds 
9 

17 

16 
9 

21 
4 

30 

Pounds 

0 
102 
27 
35 
56 

Pounds 

134 

69 

58 

285 

225 

78 

221 

Pounds 
175 
125 
74 
396 
273 
117 
307 

10.9 

Do      

Header  

6.4 

Do 

Wagcn-box  header- 
Combine 

3.5 

25.9 

Do 

Header   .           

13.5 

Straightneck  milo 

Combine 

9.9 

Do ... 

Header 

4 

15.5 

The  greatest  losses  resulted  from  heads  dropped  on  the  ground 
after  they  were  cut  off.  Most  of  these  heads  were  jarred  off  the 
cutter  bar,  guards,  or  front  of  the  canvas  and  dropped  in  front  of  the 
sickle.  The  bottom  of  the  reel  usually  was  too  high  to  push  many 
of  the  heads  cut  from  the  short  stalks  back  on  the  canvas,  because 
the  reel  was  set  high  to  catch  the  tall  heads.  Another  important 
loss  results  from  heads  thrown  up  by  the  reel.  When  a  sorghum 
head  with  its  attached  stalk  was  caught  by  a  reel  slat  below  the 
center  of  gravity  after  being  cut  off  it  usually  was  lifted  from 
the  platform.     Most  of  these  heads  fell  back  upon  the  platform  later, 

43094—29 3 
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but  many  were  carried  into  the  reel  and  finally  thrown  out  over  the 
front  or  back  of  the  platform. 

Properly  adjusted  combines  and  headers  will  harvest  dwarf  erect 
uniform  grain  sorghums  with  very  little  loss.  Grain  sorghums  well 
suited  to  machine  harvesting  are  now  being  developed. 

The  few  loss  counts  that  were  made  after  harvesting  with  a  row 
binder  did  not  warrant  tabulation.  The  losses  from  binding  usually 
are  small,  most  of  the  loose  heads  being  found  where  the  bundles 
were  dropped  by  the  binder  or  w^here  the  shocks  had  stood.  No 
counts  were  made  on  fields  cut  by  hand,  as  the  losses  were  practically 
negligible.  The  heads  left  after  hand  harvesting  were  those  that 
were  considered  either  too  green  or  too  small  to  be  worth  gathering. 
Only  an  occasional  good  head  was  left.  Hand  heading  when  hired 
was  paid  for  by  the  day  rather  than  by  the  bushel  or  acre,  so  there 
was  no  incentive  to  do  other  than  a  clean  job  of  harvesting  by  hand. 

GLEANING 

Replies  were  received  from  41  combine  operators  and  58  header 
operators  in  regard  to  gleaning  their  fields  (picking  up  heads  left 
after  harvesting).  As  shown  in  Table  8,  11  combine  operators  and 
26  header  operators  picked  up  the  loose  heads  in  the  harvested 
fields.  About  2.5  bushels  per  acre  were  gleaned  at  the  rate  of  13 
bushels  per  day  per  man  and  team.  The  value  of  the  grain  sorghum 
saved  was  somewhat  more  than  the  cost  of  the  labor  of  gathering. 
Many  of  the  fields  that  were  not  gleaned  were  pastured  after  harvest. 
Only  slightly  more  grain  was  picked  up  from  the  combined  than  from 
the  headed  fields.  Many  of  the  heads  that  had  been  cut  by  the 
combine  wxre  crushed  on  the  ground  by  the  tractor  or  combine 
wheels  and  could  not  be  picked  up. 

Table  8. — Number  of  fields  of  grain  sorghum  gleaned  and  not  gleaned  after  harvest 
ing  with  headers  and  combines,  showing  the  time  required  and  results  of  gleaning 


Fields 

not 
gleaned 

Gleaned  fields 

Method  of  harvesting 

1 
Number  [  '^^^fj^g^ 

Acre 

yield  of 

grain 

Time 
spent 

Results  per  day 

Header .  . 

32 
30 

Acres 
26               80 

11  i             62 

Bushels 
2.3 

•    2.5 

Days 
14 

12 

Acres 

5.7 
5.2 

Bushels 
13 

Combine 

13 

UTILIZATION  OF  THE  STUBBLE 

The  number  of  farmers  who  pastured  the  stubble  or  stover  from 
the  grain-sorghum  crop  and  the  estimated  value  of  the  forage  are 
shown  in  Table  9.  About  four-fifths  of  the  fields  were  used  as  pas- 
ture for  Hvestock.  The  average  estimated  value  of  grain  sorghum 
stover  for  feed  was  less  than  $1  per  acre.  The  value  probably  would 
have  been  higher  if  more  livestock  had  been  available.  The  value 
of  the  stover  in  kafir  and  milo  fields  headed  by  hand  was  less  than 
in  fields  harvested  with  a  combine  or  header,  because  less  grain  was 
left  in  the  fields  headed  by  hand. 
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Table  9. — Utilization  and  value  of  sorghum  stuhble  (including  grain  left) 


. 

Method  of  harvesting 

Records 
obtained 

Disposition 

Average 
acres 

Value  per 
acre  i 

Crop 

Pastured 

Not 
pastured 

Milo 

Combine 

31 
31 
39 

41 

116 

21 

26 
26 
33 
33 
93 
18 

5 
5 
6 
8 
23 
3 

75 
55 
71 
96 
67 
31 

$1.04 

Kafir 

do.  .- 

.99 

Milo 

Header                       

1.08 

Kafir    .— 

.91 

Milo 

Hand  .                   

.73 

Kafir 

do 

.67 

1  Owners'  estimates. 


POWER  AND  LABOR 


The  power  and  labor  used  on  the  combines  of  different  sizes  is 
shown  in  Table  10.  The  labor  required  for  all  methods  of  harvesting 
is  show^n  later  under  ''Rates  of  harvesting,"  in  Table  14.  Five  of  the 
combines  were  drawn  by  10  horses  or  mules  each.  Seven  of  the  42 
tractor-drawn  combines  were  pulled  with  tractors  of  12  drawbar 
horsepower  or  less.  The  predominating  size  of  tractor  was  15  horse- 
power. Tractors  larger  than  this  were  advantageous  only  on  hilly  or 
sandy  land.  A  few  combines  drawn  by  both  horses  and  a  tractor 
were  observed  in  the  area. 


Table   10. — Power  and  labor  used  on  combines 

of  different 

sizes 

1 

1 

Size  of  tractor 

Horses 

Man  labor  used 

Source  of 
power 

Size  of 
com- 
bine 

Rec- 
ords 
ob- 
tained 

12  and 
less 

iotoie 

18  to  30 

Combine 
operator 

Tractor 
operator 

Drivers  i 

• 

Paid 

• 

Unpaid 

Paid 

Unpaid 

Feet 
(        12 

Number 
1 

Draw- 
bar 
horse- 
power 

Draw- 
bar 
horse- 
power 

Draw- 
bar 
horse- 
power 

Number 
10 
10 
10 

= 

1 
1 
1 

1 
4 

9 
2 
4 
10 

1 

Horse — . 

^        15  1            1 
16  1             2 

:::::::: 

1 



1 

f        '2 
12 
15 
15 
15 

1 
4 
1 
12 
2 

1 
i" 

-._... 

1 

2 
11 

4 

I 



12 

3 

Tractor 

2 

16  1            5 
16  1          10 
16              7 

5 

1 

10 

7 



1  All  of  the  drivers  were  paid  employees. 

OPINIONS  OF  OPERATORS 

The  opinions  of  farmers  or  operators  in  regard  to  the  comparative 
merits  of  different  methods  of  harvesting  were  reported.  Replies 
were  received  from  37  regarding  the  combine  from  all  standpoints  as 
compared  w^th  other  machines  for  harvesting  grain  sorghums.  Of 
these,  21  considered  the  combine  better  than  all  other  methods,  and  11 
reported  that  the  combine  was  better  than  the  header.  Five  of  the 
24  header  operators  reporting  believed  the  header  was  superior  to  the 
conabine,  and  6  reported  them  equal,  while  13  reported  that  the 
header  was  poorer  than  the  combine  for  harvesting  grain  sorghums. 
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The  chief  advantage  of  the  combine  over  other  methods  was  con- 
sidered to  be  in  time  and  labor  saved.  In  general  the  combine  was 
considered  no  better,  or  somewhat  poorer,  than  other  methods  in  the 
quantity  of  grain  saved. 

POWER,  LABOR,  FUEL,  AND  OIL  REQUIRED  IN  COMBINING 

The  number  of  horses  or  the  size  of  tractor  to  pull  the  combines, 
the  number  of  men  required  to  operate  the  combines,  and  the  aver- 
age quantity  of  fuel  and  oil  used  both  in  tractors  and  in  auxiliary 
engines  were  determined  from  the  reports  of  47  combine  operators. 

Four  of  the  five  horse-drawn  combines  were  operated  by  the  one 
man  who  also  drove  the  horses.  The  remaining  horse-drawn 
machines  and  all  of  the  tractor-drawn  machines  on  which  records 
were  obtained  were  operated  b}^  crews  of  two  men.  A  few  8-foot 
and  10-foot  power  take-off  combines  in  the  vicinity  were  operated 
by  one  man  each.  Most  of  the  combine  operators  and  more  than 
half  of  the  tractor  operators  consisted  of  unpaid  family  labor. 

FUEL  AND  OIL 

The  average  number  of  gallons  of  fuel  (gasoline  and  kerosene)  used 
in  the  tractor  and  combine  engines  while  harvesting  grain  sorghums 
is  shown  in  Table  11  for  three  sizes  of  combines.  Gasoline  was  the 
fuel  used  in  all  combine  engines  and  in  about  half  of  the  tractors. 
The  remaining  tractors  burned  kerosene. 

The  horse-drawn  combines  required  slightly  more  fuel  per  acre 
than  the  tractor-drawn  machines,  probably  because  the  speed  of 
travel  was  less.  About  a  gallon  of  fuel  per  acre  was  required  for  the 
tractor  and  0.6  gallon  for  the  combine  engine,  or  a  total  of  slightly 
more  than  1.6  gallons  of  fuel  per  acre.  The  quantity  of  fuel  used 
per  acre  varied  considerably,  depending  chiefly  upon  the  size  and 
condition  of  the  engines  and  the  rate  of  travel. 

Table  11. — Average  fuel  consumption  by  horse-drawn  and  tractor-drawn  combines 
and    tractors  used  in  harvesting  grain  sorghums 


a 

•§ 

CO 

£ 

eS 

1 

<1 

2 
.2 

< 

Average  fuel  consumed 

Kind  and  size 

Combine 
(gasoline) 

Tractor 

Both  motors 

/ 

"3 

O 

1 

1 
1 

"a 
O 

1 

o 

M 

1 
o 

•3 

1 

£ 

o 

CO 

1 
s 

1 

Horse  drawn: 
12  feet 

2 

1 
2 

Acres 

20 

210 

95 

Bush- 
els 
15 
14 

28 

Gal- 
lons 

25 
170 

70 

Gal- 
lons 

1.25 
.81 
.74 

Gal- 
lons 
0.083 
.058 
.026 

Gal- 
lons 

Gal- 
lons 

Gal- 
lons 

Gal- 
lons 

Gal- 
lons 

Gal- 
lons 

Gal- 
lons 

Gal- 
lons 

15  feet 

16  feet 

Tractor  drawn: 
12  feet 

15  feet 

16  feet 

5 
15 
22 

70 

77 
69 

13 
16 
15 

40 

11 

.57 
.58 
.70 

.044 
.036 
.047 

15 
57 
25 

42 
22 
42 

57 
79 
67 

0.81 
1.03 
.97 

0.062 
.064 
.065 

97 
124 
115 

1.4 
1.6 

1.7 

0.1 
.1 
.1 

Total  or 
average i 

42 

72 

15 

46       .64 

.043 

35 

35 

70 

.97 

.065 

116 

1.6 

.1 

'Tractor-drawn  combines. 
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The  quantities  of  lubricating  oil  used  are  shown  in  Table  12. 
About  0.1  gallon  of  oil  per  acre  was  required  by  both  engines  of  the 
tractor-drawn  combines. 

Table  12, — Average  consumption  of  lubricating  oil  by  horse-drawn  and  tractor- 
drawn  combines  and  tractors  used  in  harvesting  grain  sorghums 


a 

03 

Average  lubricating  oil  consumed 

Combine 

Tractor 

Both  motors 

Kind  and  size 

00 

i 

1 
s 

^ 

1 

-, 

1 

S 

1 

« 

(B 

a> 

® 

<B 

o 

S 

« 

tf 

< 

< 

H 

Ph 

Ph 

H 

fk 

A. 

H 

PL4 

Ph 

Bush- 

Gal- 

Gal- 

Gal- 

Gal- 

Gal- 

Gal- 

Gal- 

Gal-    Gal- 

Horse drawn: 

Acres 

els 

lons 

lons 

lons 

lons 

lons 

lons 

lons 

lons      Ions 

12  feet.. 

2 

1 
2 

20 
210 
95 

15 
14 
28 

2 
13 

5 

0.10 
.06 
.05 

0.007 
.004 
.002 

2 
13 
5 

0  10  !     0  007 

15  feet 

.06         .004 

16  feet  .      ..    . 

.05         .002 

Tractor  drawn: 

12  feet    . 

5 
15 
22 

70 

77 
69 

13 
16 
15 

3 
2 
4 

.04 
.03 
.06 

.003 
.002 
.004 

4 
3 

4 

.06 
.04 
.06 

.005 
.003 
.004 

7 
5 
8 

.  10  i      . 008 

15  feet 

.07         .005 

16  feet  „    .. 

.12  1      .008 

Total  or  average ».. 

42 

72 

15 

3 

.« 

.003 

3 

.04 

.003 

7 

.08 

.006 

'  Tractor-drawn  combines. 


RATES  OF  HARVESTING 


The  rates  of  cutting  grain  sorghums  by  machines  of  different 
types  and  sizes  are  shown  in  Table  12.  The  10-foot  combines  cut 
3  rows  per  swath,  the  13-foot  and  15-foot  combines  and  12-foot 
headers  3  or  4  rows,  and  16-foot  combines  4  or  5  rows  per  swath. 
The  average  number  of  rows  cut  and  the  average  spacing  of  rows 
also  are  shown  in  Table  13.  The  row  binders  cut  1  row  or  an  aver- 
age width  of  swath  of  3.5  feet.  The  spacing  of  rows  in  the  combined 
fields  varied  above  and  below  the  standard  width  of  3.5  feet.  Nearly 
all  fields  were  planted  with  listers,  many  of  them  1-row  listers,  and 
the  rows  varied  in  spacing  from  3  to  4  feet.  Double-spaced  rows  6 
to  7  feet  apart  were  found  in  some  fields. 

It  will  be  seen  that  the  average  number  of  acres  cut  per  machine 
was  not  large  and  that  on  the  average  the  combine  was  used  only 
about  three  days  for  harvesting  sorghums.  The  average  acreage  of 
sorghum  harvested  per  day  and  per  hour  with  combines  is  somewhat 
less  than  the  average  acreage  of  wheat  cut  by  machines  of  the  same 
size  in  the  Great  Plains  in  1926,  as  determined  by  other  investi- 
gations.^ This  is  due  to  working  fewer  hours  per  day,  to  more 
delays  and  breakdowns,  and  to  a  slower  rate  of  travel  in  the  rough 
sorghum  fields.  The  average  number  of  acres  of  sorghum  cut  per 
day  per  man  was  13,  11,  6,  and  3  acres,  respectively,  for  16-foot 
combines,  15-foot  combines,  12-foot  headers,  and  row  binders.  The 
differences  in  capacity  per  man  between  combines  and  other  ma- 
chines are  actually  greater  than  the  figures  indicate,  because  the 
combined  grain  is  threshed  while  the  headed  grain  is  left  in  ricks  and 
the  bound  crop  in  shocks. 

3REYNOLDSON,   L.   A.,   KiFER,   R.   S.,  Martin,  J.  H.,  and  Humphries,  W.  R.    the  combined 
HARVESTER-THRESHER  IN  THE  GREAT  PLAINS.    U.  S.  Dept.  Agr.  Tech.  Bul.  70,  61  p.,  illus.    1928. 
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Table  13. — Acres  cut  per  hour  and  per  foot  of  cut  hy  machines  of  different  types 

and  sizes 


.  Machine 

CO 

1 

o  ^ 

<B 

O 

-"i 

CO 

> 

<1 

to 

< 

g 
ta'S 

1 

1 
it 

o 

w 

1 
1 

go 

1^ 

S3 
Ah 

•3 

ji 

Num- 

Num- 

Bush- 

Bush- 

Feet 

ber 

ber 

Inckeg 

Acres 

els 

els 

ylcr«5 

^cre« 

y4.cre 

Acres 

Combine 

10 

3 

3.0 

41 

41 

528 

13 

2.0 

7 

20.5 

2.9 

0.29 

10 

2 

Do 

12 

7 

3.4 

40 

55 

737 

13 

3.1 

7 

17.7 

2.5 

.21 

9 

2 

Do 

15 

19 

3.8 

46 

73 

1,127 

15 

3.4 

8 

21.5 

2.7 

.18 

11 

2 

Do 

16 

27 

4.4 

40 

65 

1,111 

17 

2.4 

s 

27.1 

3.4 

.21 

14 

2 

Header. 

12 

94 

3.3 

42 

79 

1,284 

16 

5.2 

8 

15.2 

1.9 

.16 

6 

12.7 

Row  binder,.. 

3.5 

15 

1.0 

42 

29 

503 

17 

5.0 

8 

6.8 

.7 

.20 

3 

J2 

Includes  men  hauling,  loading,  and  stacking. 


J  Includes  1  man  to  shock  the  bundles. 


The  rates  of  harvesting:  g:rain  sorghums  with  combines  of  different 
sizes  and  with  crews  of  different  sizes  for  header  heading  and  hand 
heading  are  shown  in  Table  14.  The  average  acres  of  grain  sorghum 
harvested  per  man  per  day  was  12.1  acres  with  a  combine,  5.6  acres 
with  a  header,  and  1.8  acres  by  hand.  Two  men  with  four  horses 
with  a  row  binder  cut  and  shocked  an  average  of  5.9  acres  per  day. 
From  120  to  265  bushels  of  grain  sorghum  per  man  per  day  were  har- 
vested and  threshed  with  the  combines  of  different  types  and  sizes. 
From  53  to  113  bushels  per  man  per  day  were  harvested  by  header 
crews  of  different  sizes.  The  output  per  man  was  greater  for  the  2- 
man  and  3-man  crews  than  for  the  larger  5-man  crews.  The 
building  of  ricks  of  heads  requires  very  little  labor.  From  the  records 
obtained  it  appears  that  two  men,  in  addition  to  the  header  operator, 
can  load,  haul,  and  rick  the  heads  in  the  field  as  rapidly  as  they  are 
cut  with  the  header. 


Figure  14.— Threshing  headed  milo  with  a  combine 


One  man  with  a  team  headed  by  hand  and  ricked  an  average  of 
about  35  bushels  of  grain  sorghum  per  day.  The  5-man  crews  were 
the  least  efficient  in  the  amount  harvested  per  man  per  day. 
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Table  14. 


■Rates  of  harvesting  grain  sorghum  by  hand,  headers,  and  combines  with 
crews  of  different  sizes 


HEADING  BY  HAND 


Size  of  crew 

Rec- 
ords 
ob- 
tained 

Hours 
Days        per 
day 

1 

Aver- 
age 
acres 

Bush- 
els 
per 

acre 

Acres 

Bushels 

Men 

1 

Horses 

Per  day 

Per 
man 

Per  day 

Per 

man 

1 
2 
2 
3 
4 
6 

2 
2 
4 
6 

8 
10 

37 

5 
32 
26 
17 

4 

16.6  9 
12.2    i          8 
15.9              9 
13.9              9 

13.7  9 

17.8  9 

31 
38 
56 
80 
90 
98 

16 
18 
20 
18 
23 
22 

2.0 
3.1 
3.5 
5.8 
6.6 
5.5 

2.0 
1.6 
1.8 
1.9 
1.7 
1.1 

32 
56 
70 
104 

152 
121 

32 
28 
35 
35 
38 
24 

A-' 

i-_. 

1.8 



34 

1          '"i 

i 

HEADING  WITH  HEADER 


Size  of  crew 

Rec- 
ords 

Ob- 

tained 

TT 

Aver- 
age 
acres 

Bush- 
els 
per 
acre 

■*",SrS;^>'          Bushels 

i 

Cut 

Haul 

Days       per 
i    day 

.^... 

Haul 

Per 
day 

Per 
day 
per 
man 

Men 

Horses 

Men 

Horses 

! 
i 

6 

t 

6 
6 

1 
2 
2 
4 

2 
4 
2 
4 

4 

7 
12 

2 
13 

3 

4.4 
7.8 
4.2 
5.9 
10.5 

9 
9 
9 
9 
10 

62 
105 
106 

92 
190 

16 
14 
13 
20 
15 

14 

13 
25 
16 
18 

14 
13 
13 

8 

224 
182 
325 
320 
270 

112 

91 

108 

107 

54 

j 

6 

99 

1 

i 



COMBINING 


Rec- 
ords 
ob- 
tained 

2 

1 
2 

5 
15 
22 

Size  of  crew 

Days 

1 

1 

Hours  1  Aver- 

per    !    age 

day    :  acres 

Bush- 
els 
per 
acre 

Acres 
per 
day 

Acres 
per 
man 

Bushels 

Of  combine  (feet) 

Men 

2 
2 
2 

2 
2 
2 

Horses 

Per 
day 

Per 
man 

Horses 

Tractor 

f    12 

I    16 

1     12 

1     15 

16 

10 
10 
10 

1.2  1           8!         20 
6.5              8  :        210 
5. 0              9  ;          95 

3. 8  1           7            70 

3.3  8            77 

2. 5  1           8            69 

15 
14 
28 

13 
16 
15 

16 
32 
19 

18 
23 
28 

8 
16 
9 

9 
11 
14 

240 

448 
532 

240 
368 
420 

120 
224 
266 

120 
184 
210 

Average 

1               1 

12.1    !      191 

i 

THRESHING  HARVESTED  SORGHUMS 


Combines  were  used  extensively  for  threshing  grain  sorghums  that 
had  been  harvested  by  hand,  headers,  and  row  binders.  Qf  the  142 
threshing  jobs  shown  in  Table  15,  65  were  threshed  with  combines 
and  77  with  separators.  All  of  the  separators  and  43  of  the  combines 
were  hired  by  the  farmers.  The  remaining  22  farmers  threshed  with 
their  own  combines.     (Fig.  14.) 
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Table  15. — Rates  and  methods  of  threshing  harvested  grain  sorghums  with  crews  of 

different  sizes 


Size 

of 

crew 

Records 
obtained 

Method  of 
threshing 

Owned  or 
hired  outfit 

Method  of 
harvesting 

Average 

grain 
threshed 

Days 

Per  day 

Per  day 
per  man 

3  men.. 

1     " 

I             4 
/            29 
I            14 
f            48 
\            25 
4 

Combine 

do_.. 

do 

do 

do 

Separator 

do 

do 

Owned 

do 

do.. 

Hired. 

do 

do 

do 

do 

Hand 

Header 

Row  binder... 
Hand 

Bushels 
1,295 
1,675 

469 
1,312 
1,259 
1,711 
1,677 

492 

1.9 
2.7 

.7 
1.6 
1.6 
1.4 
2.1 

.4 

Bushels 

682 
620 
670 
820 
787 

1,222 
798 

1,230 

Bushels 

227 
207 
223 
205 

4men.- 

5  men.. 

6  men.. 

Header 

Hand 

197 
244 

Header.. 

Row  binder... 

160 
205 

//yf/vi? 


jeo/f^  ^///s>^ye — 


d^         /         ^        S         ^         6- 


The  combines  were  operated  with  crews  of  3  or  4  men,  not  includ- 
ing grain  haulers,  while  the  separators  required  5  or  6  men.  The 
capacities  of  the  combines  were  less  than  those  of  the  separators, 
but  the  number  of  bushels  of  grain  threshed  per  day  per  man  was 
not  significantly  different.  Some  combine  owners  not  reported  in 
Table  1 5  threshed  small  quantities  of  grain  sorghum  with  crews  of  1 
or  2  men.  Grain  sorghums  headed  by  hand  were  threshed  more 
rapidly  than  those  harvested  with  a  header. 

The  combines  were  easily  prepared  for  threshing  grain-sorghum 
heads  in  ricks  simply  by  removing  the  sickle  and  reel.  The  combines 
were   then   pulled   up  to  the  ricks  and   the   heads   pitched  on  the 

platform  canvases, 
the  canvas  serving 
as  a  self-feeder  for 
the  machine.  The 
combine  was  pulled 
from  one  rick  to  an- 
other and  along  the 
ricks  by  a  tractor  or 
by  four  or  six  horses. 
When  a  tractor  was 
used  the  tractor  mo- 
tor frequently  was 
allowed  to  run  idle 
so  the  combine  could 
be  moved  quickly. 
The  combine  was 
advanced  along  the 
rick  as  soon  as  the  distance  between  the  rick  and  the  combine  plat- 
form was  too  great  for  easy  pitching. 

For  hauling  the  threshed  grain  from  the  combine,  10  operators 
used  one  team  and  a  wagon,  and  17  used  two  teams  and  wagons. 
The  grain  from  17  combines  was  hauled  by  trucks.  Seven  of  these 
combines  required  two  trucks.  Two  operators  used  their  tractors  to 
pull  the  wagons  from  the  machine  to  the  edge  of  the  field,  where  the 
grain  was  dumped  in  a  pile  on  the  ground.  This  grain  was  hauled 
by  trucks  later.  One  operator  ran  the  grain  on  the  ground  at  the 
end  of  the  field  directly  from  the  grain  tank  on  the  combine. 

A  considerable  number  of  combine  operators  did  their  own  hauling; 
that  is,  when  they  had  threshed  a  load  they  would  stop  and  haul  it 
to  the  end  of  the  field  or  to  the  bin.  This  practice  saved  the  hire 
of  an  extra  man  or  two. 


— « 


//^^/?^^ 


^^Af^//V£- 


FiGURK  15. — Average  man-hours  per  acre  required  to  harvest  and 
thresh  grain  sorghums  by  hand  and  with  a  row  binder,  header,  and 
combine 
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The  number  of  man-hours  per  acre  required  to  harvest  and  thresh 
grain  sorghums  by  different  methods  is  shown  graphically  in  Figure 
15.  Harvesting  by  hand,  row  binder,  header,  and  combine  required 
5.0,  2.7,  1.5,  and  0.7  man-hours  per  acre,  respectively.  For  both 
harvesting  and  threshing  the  man-hours  per  acre  were  5.7,  3.6,  2.6, 
and  0.7  for  the  four  methods,  in  the  order  listed  above. 

ADJUSTMENTS  OF  MACHINES 

The  proper  adjustment  for  harvesting  and  threshing  grain  sorghums 
depends  on  the  condition  of  the  crop  and  the  type  of  machine  used. 
Some  of  the  changes  and  adjustments  of  a  fundamental  nature  are 
known  and  followed  generally,  but  much  information  still  is  needed 
for  the  development  of  machine  methods  for  harvesting  and  threshing 
these  crops.  Combines  and  headers  that  were  w^ell  adjusted  did 
excellent  harvesting. 

HARVESTER  ADJUSTMENTS 

The  row  binder  is  well  adapted  without  any  changes  to  cutting 
and  binding  grain  sorghums  which  are  not  more  than  7  or  8  feet  in 


Figure  16.— Extra  reel  slats  and  wire  fencing  on  a  grain  header  used  for  harvesting  kafir  * 

height.  The  one-row  kafir  header  is  especially  designed  for  the  crop 
on  which  it  is  used.  The  combine  and  the  grain  header  are  designed 
and  equipped  especially  for  harvesting  small  grains  and  require  some 
alteration  and  adjustment  for  efficient  harvesting  and  threshing  of 
grain  sorghums.  The  platforms  of  headers  ordinarily  can  be  raised 
high  enough,  without  any  mechanical  changes,  to  cut  sorghum  plants 
not  more  than  4  or  5  feet  in  height.  For  harvesting  most  fields  of 
kafir,  however,  the  header  platforms  are  raised  by  raising  or  inverting 
the  arms  that  support  the  platform.  Most  headers  used  for  har- 
vesting grain  sorghums  were  provided  with  double  or  extra-wide 
reel  slats  of  wood  or  wire  screen,  to  reduce  the  number  of  cut  heads 
carried    over   and    thrown  on   the  ground   by  the  reel.     (Fig.  16.) 
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Many  of  the  headers  also  were  provided  with  high  platform  backs 
made  of  wire  mesh,  to  prevent  sorghum  heads  from  being  thrown 
over  the  back  of  the  platform.  A  few  machines  were  equipped  with 
wire  mesh  across  the  outer  end  of  the  platform.  These  changes 
resulted  in  great  savings  of  harvested  sorghum. 

Combines  have  been  used  for  harvesting  grain  sorghums  such  a 
short  time  that  there  is  no  uniformity  in  the  adjustments  made.  Of 
50  operators  reporting,  only  8  changed  the  height  of  the  combine 
platform,  although  the  platforms  of  some  types  can  be  raised  to  a 
height  of  42  inches  or  more  by  bolting  on  two  short  vertical  pieces  of 
heavy  strap  iron  between  the  platform  and  its  elevating  arms. 
About  one-third  (17)  of  these  operators  left  the  reel  just  as  it  was 
used  for  harvesting  wheat,  while  23  of  them  changed  its  position 
either  by  raising  it  or  by  moving  it  forward  or  back  (usually  forward). 
Three  operators  reduced  the  speed  of  the  reel  by  changing  a  sprocket. 
Only  seven  operators  changed  the  reel  slats  to  reduce  the  harvesting 
losses  from  that  source.  It  is  very  evident  from  these  reports  that 
much  improvement  in  harvesting  efficiency  could  be  effected  by 
properly  adjusting  all  parts  of  the  combine.  If  the  combine  plat- 
forms had  been  raised  and  the  reel  slats  widened,  and  if  screens  had 
been  placed  at  the  backs  and  ends  of  the  platforms,  the  losses  in 
harvesting  doubtless  would  have  been  no  greater  than  with  the 
header. 

THRESHER  ADJUSTMENTS 

There  was  as  great  a  lack  of  uniformity  in  adjustments  for  threshing 
as  for  harvesting  grain  sorghums.  All  grain  sorghums  are  easily 
separated  from  the  heads  and  most  of  them  also  from  the  chaff  or 
glumes.  The  kernels  are  brittle  and  easily  broken  in  threshing. 
Experienced  thresher  men  have  found  that  the  speed  of  the  thresher 
cylinder  for  threshing  grain  sorghums  should  be  about  half  or  two- 
thirds  the  speed  for  threshing  wheat  and  that  most  of  the  concave 
teeth  should  be  removed.  Many  of  the  combine  operators  were  not 
familiar  with  the  necessary  adjustments  or  were  not  able  to  make 
them. 

A  record  was  obtained  of  the  changes  made  on  the  threshing  mech- 
anism of  50  combines  used  for  harvesting  and  threshing  grain  sor- 
ghums. Thirty-one  operators  made  no  change  in  cylinder  speed  from 
that  used  for  wheat.  Seventeen  operators  reduced  the  speed  of  the 
cylinder  from  an  average  of  1,070  revolutions  per  minute  to  an 
average  of  845  revolutions  per  minute,  or  an  average  reduction  of  225 
revolutions  per  minute.  Two  operators  increased  the  cylinder  speed 
an  average  of  200  revolutions  per  minute. 

The  cylinder  speeds  used  ranged  from  750  to  1 ,400  revolutions  per 
minute.  The  maximum  reduction  in  speed  effected  was  400  and  the 
minimum  50  revolutions  per  minute  on  machines  on  which  adjust- 
ments were  made. 

The  reduction  in  the  speed  of  the  cylinder  was  accomplished  on 
most  machines  by  slowing  down  the  motor  and  consequently  the 
entire  machine.  Only  three  operators  reduced  the  speed  of  the 
cylinder  by  a  change  of  sprockets  and  yet  maintained  the  speed  of 
the  other  parts.  Most  operators  and  some  dealers  were  not  aware 
that  sprockets  were  available  for  this  purpose.  The  speed  of  the 
combines  driven  by  a  power  take-off  from  the  tractor  could  not  be 
reduced  by  slowing  the  tractor  motor  without  a  corresponding 
decrease  in  the  speed  of  travel. 
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Nine  of  the  50  combine  operators  made  no  changes  in  the  concaves, 
10  lowered  the  concaves,  2  raised  the  concaves,  and  29  removed  from 
1  to  5  rows  of  concave  teeth.  Combines  equipped  with  the  rasp  or 
bar  type  of  cylinder  and  concaves  were  Hmited  in  their  adjustments 
because  of  the  absence  of  teeth  that  could  be  removed. 

Several  machines  were  observed  before  and  after  reducing  the  speed 
of  the  cylinders,  and  in  some  cases  a  marked  reduction  in  the  pro- 
portion of  cracked  grain  was  apparent  at  the  lower  speed. 

About  half  of  the  operators  adjusted  the  sieves,  chaffers,  or  riddles 
for  threshing  grain  sorghums,  but  there  was  no  uniformity  in  the 
adjustments  made.  One  of  the  chief  troubles  in  threshing  grain  sor- 
ghums from  the  field  was  the  overloading  of  the  tailings  elevator  with 
pieces  of  the  damp  stalks.  This  chopped  material,  commonly  called 
"pomace,"  often  was  returned  to  the  cylinder  repeatedly,  instead  of 
being  blown  out,  until  it  was  ground  fine  enough  to  pass  out  with  the 
grain.  Some  operators  prevented  this  by  placing  a  strip  of  sheet 
metal  over  the  tailings  trough  so  that  the  pomace  was  carried  out  over 
the  rear  of  the  machine.  Little  or  no  grain  was  carried  out  with  the 
pomace  after  this  change  was  made,  and  a  great  improvement  in 
threshing  resulted. 

COSTS  OF  HARVESTING  AND  THRESHING 

A  careful  consideration  of  the  varying  cost  per  bushel  as  affected 
by  size  of  crew,  method  of  har-vesting,  and  method  of  threshing  should 
enable  many  farmers  to  reduce  their  costs  and  increase  their  profits 
over  those  they  may  be  making  with  present  methods  of  handling 
the  crop.  This  is  important,  especially  when  the  margin  of  profit  is 
small  at  the  best.  Many  farmers  who  raise  grain  sorghum  as  their 
only  cash  crop  should  be  able  to  increase  their  profits  by  a  change  in 
harvesting  and  threshing  practices. 

All  of  the  combines  and  many  of  the  headers  used  for  harvesting 
grain  sorghums  had  been  purchased  primarily  for  harvesting  wheat. 
Row  binders  were,  of  course,  purchased  to  cut  corn  or  sorghums.  Na 
attempt  has  been  made  to  allocate  a  portion  of  the  fixed  charges  such 
as  depreciation  or  interest,  but  the  cash  costs  incurred  by  farmers 
using  16-foot  tractor-drawn  combines,  12-foot  headers,  row  binders, 
and  hand  topping  are  compared  in  Table  16.  This  table  gives  a 
comparison  of  the  average  cash  expenses  actually  paid  out  by  those 
who  harvested  the  1926  crop  by  the  methods  specified. 

Table  16. — Cash  cost  per  acre  and  per  bushel  for  the  different  methods  of  harvesting- 
and  threshing  grain  sorghums 


rison 

16-foot  combine 

12-foot  header 

Row  binder 

Hand 

Items  of  com  pa 

Quan- 
tity 

Cost 

Quan- 
tity 

Cost 

Quan- 
tity 

Cost 

Quan- 
tity 

Cost 

Hired  labor 

Hired  horses.    _ 

hours.. 

do.... 

gallons-- 

do...- 

pounds.. 

do 

0.2 

........ 

.12 
.05 

$0.08 

""."34" 
.09 
.01 

0.6 

.09 

$0.19 
.03 

0.8 

$0.22 

2.74 

.003 

$0.85 
.001 

Fuel 

Oil 

Grease.- 

Twine 

3.1 
18.0 

.54 
1.93 

Threshing 

bushels.. 

18.0 

18.0 

1.21 

18.0 

.88 

Cash  costs: 

Per  acre ^ 

.52 
.03 





1.43 
.08 

2.69 
.15 





1.731 

Per  bushel 

.10 
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MAN  LABOR  AND  HORSE  WORK 

Most  of  the  harvest  labor  for  each  method  of  harvesting  was  done 
by  the  operator  or  by  some  member  of  the  family  or  was  exchanged 
labor.  The  cash  paid  out  for  hired  labor  ranged  from  an  average  of 
$0.08  per  acre  for  sorghums  cut  with  the  combine  to  an  average  of 
$0.85  per  acre  for  hand-topped  sorghum.  A  comparison  of  the  hours 
of  hired  labor  given  in  Table  16  with  those  for  total  labor  used  by 
different  methods  given  on  page  22  indicates  that  the  men  who  har- 
vested with  combines  hired  about  30  per  cent  of  the  labor,  those 
harvesting  with  headers  hired  about  40  per  cent  of  the  labor,  those 
using  row  binders  hired  about  30  per  cent  of  the  labor,  while  those 
heading  by  hand  hired  55  per  cent  of  the  labor  used. 

Practically  all  of  the  horse  work  in  connection  with  harvesting  was 
done  with  horses  owned  by  the  operator.  Except  in  a  very  few 
instances  there  was  no  cash  expense  for  horse  labor.  On  the  average 
about  5  or  6  horse-hours  per  acre  were  used  in  harvesting  with  a 
header  or  row  binder,  and  about  10  horse-hours  per  acre  were  used 
for  hand  topping.     Some  of  the  combines  were  pulled  by  horses. 

MATERIALS  USED 

The  quantities  of  fuel  and  lubricating  oil  used  by  the  combines  and 
tractors  are  given  in  Tables  11  and  12.  The  average  cost  of  fuel  for 
harvesting  with  a  16-foot  tractor-drawn  combine  was  $0.34  per  acre, 
while  the  cost  of  lubricants  per  acre  was  $0.10. 

Twine  used  by  the  row  binder  averaged  3.1  pounds  and  cost  $0.54 
per  acre. 

THRESfflNG 

The  rates  used  in  Table  16  for  threshing  sorghum  harvested  by 
methods  other  than  a  combine  are  those  charged  by  custom  thresh- 
ers using  stationary  separators.  The  rates  per  bushel  vary  according 
to  the  method  of  harvesting  and  were  as  follows :  Headed  sorghum, 
$0,067;  row  bound,  including  hauling  of  bundles  and  topping,  $0,107; 
and  hand  topped,  $0,049.  When  the  cost  of  threshing  an  average 
yield  of  18  bushels  per  acre  is  added  to  the  other  charges  the  total 
cash  costs  for  combining  are  considerably  less  than  the  cash  costs  for 
harvesting  and  threshing  by  any  other  method. 

CASH  COSTS  PER  ACRE  AND  PER  BUSHEL 

The  actual  out-of-pocket  expense  for  harvesting  and  threshing 
with  a  16-foot  tractor-drawn  combine  averaged  $0.52  per  acre. 
Cash  costs  are  lower  for  the  combine  than  for  other  methods  of  har- 
vesting, but  this  low  cash  cost  is  made  possible  only  through  the 
purchase  and  upkeep  of  an  expensive  machine.  Where  the  grain 
was  harvested  with  a  header  and  threshed  at  custom  rates,  the  out- 
of-pocket  expense  averaged  $1.43  per  acre.  Siniilarly,  the  cost 
averaged  $2.69  per  acre  when  the  grain  was  cut  with  a  row  binder 
and  $1.73  when  the  grain  was  topped  by  hand.  If  all  man  labor  and 
horse  work  are  included,  the  costs  are  as  shown  in  Figure  17. 

FIRST  COST  AND  DEPRECIATION  OF  COMBINES 

The  use  of  a  combine  which  has  been  purchased  primarily  for  har- 
vesting wheat  is  an  economical  method  of  harvesting  and  threshing 
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grain  sorghums,  but  because  of  the  high  first  cost  of  the  combine  and 
the  difficulties  of  harvesting  with  a  combine  in  some  seasons,  it  is 
doubtful  whether  the  purchase  of  one  to  harvest  grain  sorghums  only 
would  be  justified  for  the  acreages  usually  found  on  farms  in  this 
section.  The  average  cost  of  all  combines  used  for  harvesting  grain 
sorghum  was  $2,224.  On  the  other  hand,  the  first  cost  of  a  header 
or  row  binder  is  less  than  $200. 

Estimates  of  the  operators  indicate  that  on  the  average  the  com- 
bines were  expected  to  last  about  eight  seasons.  On  the  basis  of  these 
estimates  the  average  annual  depreciation  on  the  combines  would 
amount  to  $278,  whereas  the  annual  depreciation  on  a  row  binder  or 
header  would  be  between  $10  and  $20.  The  expected  length  of  life 
of  eight  seasons  is  the  same  as  the  estimate  obtained  from  257  combine 
owners  in  the  Great  Plains  area  who  used  their  combines  for  small 
grain  only. 


/  ^  3 
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Figure  17. 


•Average  costs  of  harvesting  and  threshing  grain  sorghums  harvested  by  hand  and 
with  a  row  binder,  header,  and  combine 


The  total  depreciation  and  interest  charges  on  a  16-foot  combine 
costing  about  $2,300,  on  the  basis  of  an  average  life  of  eight  years, 
are  about  $357  annually.  The  charges  per  acre  for  different  acreages 
harvested  annually  would  be  those  shown  in  Table  17. 

Table  17. — Annual  de-preciation  and  interest  charges  per  acre  for  a  16-foot  combine 

cutting  different  acreages 


Acres  cut  annually 

1    Deprecia- 
tion and 
interest 
charges  per 
acre 

j                  Acres  cut  annually 

1 

Deprecia- 
tion and 
interest 

charges  per 
acre 

100 

$3.57 
1.78 
1.19 
.89 

i 
500                       - 

$0.71 

200 

'600                       

.60 

300 

1  700 

.51 

400-— 

1  800... 

1 

.45 

Table  17  shows  that  the  depreciation  and  interest  charges  would 
prohibit  the  purchase  of  a  combine  for  harvesting  only  the  small 
acreages  of  grain  sorghum  which  usually  were  cut  with  the  combine. 
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REPAIRS  ON  COMBINES 

The  cash  expenses  in  1926  for  repair  parts  for  the  47  combines 
included  in  the  study  averaged  $48.73  per  machine.  In  addition  to 
this  expense  an  average  of  three  and  one-half  days  of  man  labor  was 
used  in  repairing  the  combine  and  fitting  the  machine  for  the  sea- 
son's work.  Two  and  one-half  days  of  this  man  labor  was  that  of 
the  operator  and  one  day  was  that  of  a  hired  mechanic.  The  expense 
for  repairs  and  the  time  spent  in  making  them  cover  all  the  work 
done  by  the  combines  in  1926,  the  bulk  of  which  was  harvesting 
wheat. 

CUSTOM  WORK  WITH  COMBINES 

In  sorghum  harvest  custom  work  is  rarely  done  except  by  a  few 
men  who  own  combines.  When  harvesting  by  other  methods  each 
farmer  usually  is  busy  with  his  own  crop  and  has  no  time  to  do  out- 
side work. 

Of  the  47  men  owning  combines  who  were  interviewed,  only  9  (19 
per  cent)  did  any  custom  work.  This  work  was  divided  between 
harvesting  and  stationary  threshing.  Of  the  9  men,  7  did  custom 
harvesting  and  2  did  threshing  only.  There  were  more  opportuni- 
ties for  doing  custom  work,  but  many  felt  that  it  was  too  hard  on 
their  machines. 

Some  of  those  who  worked  for  others  did  so  with  the  idea  of 
increasing  their  earnings  for  the  year.  Some  men  who  purchase  a 
combine  do  so  with  the  idea  of  doing  custom  work  to  help  pay  for 
the  machine.  The  possibility  of  doing  custom  cutting  on  sorghum 
as  a  means  of  partially  paying  for  a  machine,  however,  should  not  be 
given  much  consideration. 

The  profit  that  may  be  made  on  custom  cutting  or  threshing 
depends  largely  on  the  rate  charged.  As  the  use  of  a  combine  for 
sorghum  harvest  is  comparatively  new,  there  is  no  standard  charge 
for  the  work.  Some  cutting  was  done  on  the  acre  basis,  some  on 
the  bushel  basis,  and  some  on  a  combination  of  the  two. 

The  rates  usually  charged  were  $3  an  acre  or  18  cents  a  bushel. 
Where  a  combination  charsje  was  made  the  rate  varied  from  $1  an 
acre  plus  5  cents  a  bushel  to  $2  an  acre  plus  10  cents  a  bushel. 
The  threshing  rate  charged  was  4  and  5  cents  for  hand-headed  and 
8  cents  for  machine-headed  sorghum,  which  are  the  same  rates  as 
those  charged  by  stationary  thresher  men.  The  use  of  the  combine 
in  stationary  threshing  for  neighbors  is  more  profitable  than  its  use 
for  cutting,  although  in  1926  it  was  used  less  for  this  purpose  than  for 
cutting. 

DISPOSAL  OF  THE  GRAIN 

Reports  concerning  the  disposal  of  147  lots  of  threshed  sorghum 
grain  are  summarized  in  Table  18.  Of  the  56  lots  of  combined  grain, 
14,  or  one-fourth,  were  hauled  directly  to  the  elevators.  This  was  a 
larger  proportion  than  for  any  other  method  and  indicated  the  desire 
of  the  farmers  to  dispose  of  the  grain  before  it  went  out  of  condition. 
Some  combined  grain  from  this  area  in  1926  and  also  in  1927  was 
damp  when  marketed  and  was  sold  at  a  discount  in  price.  Some  of 
this  damp  grain  heated  in  transit  before  reaching  the  terminal 
markets. 
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Records 
obtained 

Number  of  growers  who 
stored— 

Growers 

Method  of  harvesting 

On 
ground 

On 

'     bins 

who 
hauled  to 
elevator 

Combine       -      --. 

56 

24 

2 

65 

7 
5 

33  -               2 

14 

Header _ 

15 

4 

2 
30 

Hand 

18 

9 

8 

All                               

147 

30 

80 

11 

26 

Nine  lots  of  combined  grain  were  dumped  on  the  ground  and  left 
to  dry.  A  pile  of  combined  milo  grain  is  shown  in  Figure  18.  Part 
of  the  grain  threshed  from  ricks  and  shocks  also  was  dumped  on  the 
ground,  but  this  was  done  to  save  labor  at  the  time  rather  than 


Figure  18. — Milo  threshed  with  a  combine,  piled  on  the  ground  to  dry 

because  the  grain  was  damp.  The  grain  frequently  was  run  from 
the  thresher  directly  upon  the  ground  and  was  hauled  later. 

The  grain  that  was  left  in  piles  on  the  ground  for  a  week  or  more 
was  dry  enough  to  ship  or  store,  as  there  was  no  rain  during  that 
time.  This  was  the  most  effective  method  of  drying  damp  grain 
under  these  conditions.  The  piles  were  about  2}^  to  3  feet  high, 
sloped  outward  to  a  width  of  about  6  feet,  and  were  any  convenient 
length.  The  grain  in  these  piles  was  well  exposed  to  the  sun  and 
to  drying  winds.  Farmers  who  had  practiced  this  method  for  several 
years  reported  that  they  had  never  known  grain  to  spoil  when  piled 
on  dry  ground. 

The  piHng  of  grain  on  the  ground  results  in  some  admixture  of  dirt 
in  gathering  the  grain  from  the  piles,  especially  on  tilled  sandy  soil. 
The  amount  of  dirt  scooped  up  is  small,  however,  if  the  grain  is  piled 
on  a  clean  smooth  patch  of  buffalo-grass  turf.  Much  of  the  combined 
prain  in  the  localities  visited  was  piled  on  grassland.     The  proportion 
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of  sand  and  dirt  is  one  of  the  factors  determining  the  grade  of  grain 
sorghums.  The  combined  grain  sorghums  contained  sHghtly  more 
sand,  dirt,  and  foreign  material  than  the  grain  threshed  by  other 
raethods.  Grain  threshed  from  ricks  sometimes  was  piled  on  the 
tilled  land  of  the  grain-sorghum  fields  and  contained  considerable 
dirt  when  hauled  in. 

The  farmers  who  hauled  their  combined  grain  to  bins  left  it  in 
shallow  layers  whenever  sufficient  bin  room  was  available.  Grain 
will  dry  considerably  under  the  semiarid  conditions  of  the  grain- 
sorghum  area  if  not  too  closely  confined  or  stored  in  too  great  bulk, 

QUALITY  AND  CONDITION  OF  GRAIN 

Samples  of  threshed  grain  sorghums  were  obtained  direct  from  the 
Combines  or  threshers  and  later  in  the  season  from  carload  lots  in  the 
terminal  markets.  Records  were  taken  of  the  kind  and  make  of 
thresher  used,  the  time  and  method  of  harvesting,  and  the  condition 
of  the  grain  when  sampled.  A  portion  of  each  sample  obtained  was 
immediately  put  into  an  air-tight  can  for  use  in  determining  the 
moisture  content,  and  the  remainder  was  sent  to  the  laboratory  for 
a  physical  analysis.  The  determinations  of  moisture  content,  foreign 
material,  and  sand  and  dirt  were  made  according  to  the  Oflficial  Grain 
Standards  of  the  United  States.  The  percentage  of  coarse  broken 
grain  also  was  determined. 

The  data  for  kafir  and  milo  harvested  with  combines  before  and 
after  frost  are  shown  in  Table  19. 

Table  19. — Average  test  weight  per  bushel  and  percentages  of  moisture,  foreign 
material,  sand,  dirt,  and  broken  kernels  of  kafir  and  milo  harvested  with 
combines  in  1926 


Time  sampled 

Sam- 
ples 

Test  weight 

Mois- 
ture 
content 

Foreign 
mate- 
rial and 
cracked 
kernels 

Sand, 
dirt, 
and 
finely 
broken 
kernels 

Coarse 
broken 
kernels 

Crop  and  time  of 
harvest 

Before 
clean- 
ing 

After 
clean- 
ing 

Kafir; 

Before  frost 

Do 

At  harvest 

After  harvest 

Num- 
ber 

7 
8 
19 
8 

Pounds 
56.8 
56.7 
55.0 
55.2 

Pounds 
57.6 
57.3 
56.3 
56.5 

Per  cent 
14.1 
13.7 
13.3 
12.0 

Per  cent 
4.8 
7.1 
5.1 
5.8 

Per  cent 
1.1 
.5 

Per  cent 
6.2 
Q  n 

After  frost 

.6             fi  R 

Do  .. 

After  harvest 

.4 

8.9 

Total  or  average 

42 

55.4 

56.7 

13.0 

5.5 

.6 

7.6 

At  harvest 

After  harvest 

At  harvest 

After  harvest 

At  harvest 

do 

Dwarf  and  Standard  milo: 
Before  frost 

12 

7 
5 
2 

1 
4 

56.1 
55.6 
55.0 
56.8 

51.5 
55.0 

56.7 
56.2 
56.3 
57.0 

56.0 
54.9 

15.4 
15.7 
12.2 
18.7 

20.4 
13.3 

8.8 
9.4 
13.0 
15.9 

10.2 
13.7 

1.6 

1.4 

.8 

.3 

.2 

1.4 

17.2 

Do 

18.8 

After  frost 

25.8 

Do 

29.8 

Straightneck  milo: 

Before  frost 

19.5 

After  frost 

26.2 

Total  or  average 

31 

55.5 

56.3         l.**-! 

10.7 

1.3  i        21.0 

The  moisture  ranged  from  11.3  to  29.2  per  cent,  foreign  material 
from  1.3  to  21.5  per  cent,  sand  and  dirt  from  zero  to  6.6  per  cent, 
and  coarse  broken  kernels  from  5.6  to  34.1  per  cent  in  Dwarf  and 
Standard  milo  combined  before  frost. 

Milo  combined  after  frost  ranged  in  moisture  from  11.5  to  12.8 
per  cent,  in  foreign  material  from  3  to  25  per  cent,  in  sand  and  dirt 
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from  0.3  to  1.4  per  cent,  and  in  coarse  broken  kernels  from  16  to  37.9 
per  cent.  Straightneck  milo  varied  in  moisture  from  10.2  to  15.9  per 
cent,  in  foreign  material  from  4.7  to  23.8  per  cent,  in  sand  and  dirt 
from  zero  to  4  per  cent,  and  in  coarse  broken  kernels  from  14.1  to 
44.1  per  cent.  The  moisture  content  of  both  kafir  and  milo  at  harvest 
time  was  lower  when  harvested  after  frost  than  before  the  frost  of 
October  23.  This  was  due  partlj^  to  the  grain  being  more  mature, 
but  chiefly  to  the  drying  of  the  leaves  and  stalks  after  the  frost  and 
thus  preventing  the  wetting  of  the  grain  by  the  plant  juice  during 
threshing.  There  was  an  appreciable  decrease  in  the  moisture  content 
of  kafir  sampled  from  one  to  three  days  after  harvesting  with  the 
combine  as  compared  with  that  sampled  during  harvest.  The  milo 
samples  did  not  show  any  reduction  in  moisture  content  during  this 
short  interval  after  harvest.  The  average  moisture  content  of  all 
kafir  samples,  13  per  cent,  would  not  cause  the  crop  to  be  graded 
down,  but  the  milo  would  fall  into  grade  3  because  of  an  average  of 
15.1  per  cent  of  moisture. 

The  milo  samples  contained  appreciably  larger  percentages  of 
cracked  and  broken  kernels  than  the  kafir  samples.  Milo  kernels 
are  larger,  softer,  and  more  easily  broken  in  threshing  than  kafir 
kernels.  There  was  no  significant  increase  in  the  percentage  of 
cracked  and  broken  kernels  of  kafir  harvested  after  frost,  but  there 
was  a  decided  increase  in  the  milo.  Apparently  milo  kernels  rapidly 
become  more  brittle  after  frost. 

A  comparison  of  kafir  and  milo  grain  ha  vested  and  threshed  with 
the  combine,  headed  and  threshed  later  with  the  combine,  and  headed 
and  threshed  later  with  the  separator  is  shown  in  Table  20.  There 
was  a  distinct  decrease  in  the  moisture  content  of  milo  threshed  from 
the  rick  with  combines  and  separators  as  compared  with  that  har- 
vested and  threshed  with  the  combine.  Kafir  showed  only  a  slight 
decrease  in  moisture,  probably  because  of  later  harvesting  and  of 
more  juicy  stalks  which  dry  more  slowly. 

Table  20. — Average  test  iveight  per  bushel  and  percentages  of  moisture,  foreign 
material,  sand  and  dirt,  and  coarse  broken  kernels  of  kafir  and  milo  harvested  and 
threshed  by  various  methods  in  1926 


Crop  and  method  of 
harvcoting 

Type  of  threshing 
machine 

Samples 

Test 
weight 

Moisture 
content 

Foreign 
material 

and 
cracked 
kernels 

Sand, 
dirt,  and 

finely 
broken 
kernels 

Coarse 
broken 
kernels 

Kafir: 

Combined-. 

Combine 

Number 

42 

11 

6 

31 
24 
29 

Pounds 
55.4 
55.5 
57.3 

55.5 
56.9 
57.3 

Per  cent 
13.0 
12.9 
12.2 

15.1 
11.5 
11.1 

Per  cent 
5.5 
5.4 
2.2 

10.7 

7.7 
7.7 

Per  cent 

0.6 

.4 

1.3 
.6 
.5 

Per  cent 

7.5 

Headed 

Headed... 

—.do 

Separator_ 

Combine.- 

5.5 
4  3 

Milo: 

Combined 

21.0 

Headed 

....do  

16.1 

Headed 

Separator 

14  8 

Both  kafir  and  milo  threshed  from  ricks  of  heads  contained  lower 
percentages  of  foreign  material,  dirt,  and  cracked  and  broken  kernels 
than  when  harvested  with  the  combine.  This  was  the  result  of  better 
adjustment  of  the  machines  and  a  better  separation  of  dried-plant 
portions  from  the  grain  than  was  possible  with  green  leaves  and  stalks. 
The  slightl}^  lower  moisture  content  of  milo  and  kafir  threshed  with 
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separators  than  that  threshed  from  the  ricks  with  combines  may  have 
been  due  to  the  separator  threshing  being  sHghtly  later  than  the 
combine  threshing.  In  general  there  was  less  foreign  material  and 
cracked  and  broken  grains  from  the  separators  than  from  the  com- 
bines, this  being  due  to  the  better  adjustment  and  the  more  experi- 
enced operation  of  the  separators. 

There  was  no  consistent  difference  in  the  quality  of  the  grain 
threshed  by  different  makes  and  types  of  combines.  The  wide 
variation  in  operation,  adjustments,  and  the  condition  of  the  crop 
prevented  an  accurate  comparison  of  the  different  machines. 

The  use  of  the  combine  for  harvesting  results  in  grain  of  a  higher 
moisture  content  being  marketed.  Grain  of  good  quality  can  be 
marketed  by  allowing  it  to  dry  before  hauling  it  to  the  elevator.  The 
climatic  conditions  during  most  seasons  will  permit  the  threshed  grain 
to  dry  rapidly  in  piles  on  the  ground  or  in  shallow  layers  in  bins. 

Grain  sorghums  can  be  combined  successfully  so  far  as  condition 
and  quality  of  the  threshed  grain  are  concerned.  The  poor  condition 
of  much  of  the  combined  grain  appears  to  be  due  to  either  the  condi- 
tion of  the  crop  or  to  the  lack  of  proper  adjustment  of  the  combine, 
or  to  both. 

SUMMARY 

These  investigations  of  the  methods  of  harvesting  grain  sorghums 
were  conducted  in  southwestern  Kansas  and  northwestern  Okla- 
homa in  1926. 

Milo  and  kafir  were  the  principal  grain  sorghums  .grown.  Dwarf 
Yellow  was  the  leading  milo  variety  and  Blackhull  the  leading  kafir 
variety. 

The  labor  required  for  harvesting  grain  sorghums  has  been  one  of 
the  chief  objections  to  growing  the  crop. 

Two  general  types  of  farming  are  found  in  the  area  investigated, 
viz,  wheat  growing  on  the  heavier  soils  and  grain  sorghum  and 
broomcorn  growing  on  the  sandy  soils.  Some  overlapping  of  the 
types  of  farming  exists.  Very  few  livestock  except  work  horses  are 
kept  on  the  farms. 

Nearly  half  of  the  farmers  owned  tractors,  and  about  one-fourth 
of  them  had  trucks. 

Much  of  the  milo  and  some  of  the  kafir  was  headed  by  hand. 
The  machines  used  for  harvesting  grain  sorghums  included  row 
binders  (corn  binders),  grain  headers,  combines,  special  kafir  headers, 
and  grain  binders.  Nearly  half  of  the  farmers  used  two  or  more 
methods  of  harvesting  in  1926.  The  largest  average  acreage  was 
cut  with  grain  headers  and  the  smallest  acreage  with  the  row  binder. 
Kafir  is  better  adapted  than  milo  to  machine  harvesting. 

More  than  half  of  the  grain  sorghum  was  harvested  before  frost. 

The  average  percentages  of  losses  from  heads  left  in  the  field  were 
10.9  and  6.4  for  kafir  cut  with  the  combine  and  the  grain  header, 
respectively,  and  25.9  and  13.5  for  Dwarf  and  Standard  milo  cut  with 
the  combine  and  the  grain  header,  respectively.  The  losses  in  har- 
vesting with  the  row  binder  were  small,  and  those  in  harvesting  by 
hand  were  inconsequential.  Many  of  the  farmers  picked  up  the  loose 
heads,  getting  an  average  of  about  2.5  bushels  of  grain  per  acre  and 
gathering  it  at  the  rate  of  13  bushels  per  day  with  a  man  and  team. 
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Most  of  the  combines  were  drawn  by  tractors.  The  combines  with 
a  cut  of  12  to  16  feet  required  about  10  horses  or  a  tractor  of  about 
15  drawbar  horsepower  to  pull  them.  About  1.6  gallons  of  fuel  and 
0.1  gallon  of  oil  per  acre  were  used  in  harvesting  with  a  tractor-drawn 
combine  equipped  with  an  auxiliary  engine.  A  gallon  of  fuel  (gaso- 
line or  kerosene)  per  acre  was  consumed  by  the  tractors,  and  0.6 
gallon  of  gasoline  per  acre  was  used  by  the  combine  engines. 

A  man  with  a  team  headed  by  hand  and  ricked  an  average  of  1.8 
acres  of  grain  sorghum  per  day.  Two  men  with  a  grain  header  and 
8  or  10  horses  harvested  an  average  of  13  acres  per  day.  Two  men 
with  a  15-foot  combine  harvested  and  threshed  an  average  of  23 
acres  per  day.  Two  men  with  a  row  binder  and  four  horses  cut  and 
shocked  an  average  of  5.9  acres  per  day. 

Three  or  four  men  with  a  combine  threshed  an  average  of  200 
bushels  or  more  of  headed  grain  sorghums  per  man  per  day.  Five 
and  six  men  with  a  separator  threshed  about  the  same  quantities  per 

^^y-  .  .  .  . 

Headers,  combines,  and  separators  require  considerable  adjustment 
for  the  proper  harvesting  and  threshing  of  grain  sorghums. 

The  average  cash  or  out-of-pocket  costs  per  bushel  for  harvesting 
and  threshing  grain  sorghums  were  3  cents  with  the  combine,  8  cents 
with  the  header,  15  cents  with  the  row  binder,  and  10  cents  when 
harvested  by  hand.  Cash  costs  are  lower  for  the  combine  than  for 
other  methods  of  harvesting,  but  this  low  cash  cost  is  made  possible 
only  through  the  purchase  and  upkeep  of  an  expensive  machine. 

Of  147  growers  of  grain  sorghums  harvested  and  threshed  by  all 
methods,  30  piled  the  grain  on  the  ground,  80  stored  the  grain  in  bins, 
11  piled  the  grain  on  the  ground  and  later  stored  it  in  bins,  and  26 
hauled  the  grain  directly  to  the  elevator.  Piling  on  the  ground  was 
•  the  most  effective  way  of  drying  the  grain  before  marketing  or  stor- 
ing it. 

Combined  grain  sorghum  contained  more  moisture,  foreign  mate- 
rial, cracked  grain,  sand,  and  dirt  than  that  headed  and  then  threshed 
from  the  ricks. 

The  average  moisture  content  of  grain  sorghum  harvested  with  a 
combine  before  frost  was  slightly  higher  in  kafir  and  considerably 
higher  in  milo  than  that  in  grain  harvested  after  frost. 

The  best  method  of  harvesting  for  a  farmer  depends  upon  the 
equipment  and  labor  available  and  the  use  for  which  the  crop  is 
intended.  Dwarf  erect  uniform  grain  sorghums  can  be  harvested 
satisfactorily  with  property  adjusted  combines.  Grain  sorghums 
well  suited  to  machine  harvesting  are  now  being  developed. 
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INTRODUCTION 

Jones  (5,  6')/  Hayes,  and  others  (3),  Garber  and  Qiiisenberry  (2), 
and  Immer  and  Christensen  (4)  have  reported  evidence  on  the  genetic 
behavior  in  corn  of  resistance  to  smut  (Ustilago  zeae),  and  most  corn 
breeders  give  consideration  to  the  matter  of  selection  for  resistance  to 
this  disease.  In  breeding  for  resistance  it  is  desirable  to  know  what 
plant  characters,  if  any,  are  responsible  for  resistance.  With  this  defi- 
nite knowledge,  plants  possessing  such  characters  may  be  selected  b}^ 
sight  or  on  the  basis  of  some  positive  test  with  the  assurance  that  the 
desired  end  will  be  reached  as  the  selected  characters  are  fixed. 

ColHns  and  Kempton  (1)  have  shown  negative  correlation  between 
corn  ear-worm  {HeliotJiis  ohsoleta  Fab.)  damage  and  distance  from 
the  tip  of  the  husks  to  the  tip  of  the  ear.  Kyle  (7)  has  shown  that 
husks  that  tightly  inclose  the  ears  protect  them  from  rice  or  ''black'' 
weevils  {Calendra  oryzae  L.).  This  bulletin  deals  with  the  relation- 
ships between  husk  coverings  and  ear  smut  of  corn. 

METHODS    AND    MATERIALS 

The  data  were  obtained  in  1926  at  the  Arlington  Experiment  Farm, 
Rosslyn,  Va.,  on  21  Fi  crosses  between  7  self-fertihzed  corn  lines,  2  of 
which  (A  and  B)  were  from  Garrick  corn,  2  (C  and  D)  from  Boone 
County  White,  and  3-  (E,  F,  and  G)  from  Cuban  Yellow.  The  Gar- 
rick lines  had  been  selfed  for  10  years,  the  Boone  County  White  lines 
for  6  years,  and  the  Cuban  Yellow  hnes  for  7  years  before  making  the 

*  Reference  is  made  by  italic  numbers  in  parentheses  to  "Literature  cited,"  p.  6. 
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crosses  for  this  experiment.  These  particular  Hnes  were  chosen  be- 
cause preliminary  trials  indicated  that  they  consistently  represent 
extremes  for  the  characters  to  be  studied.  Their  peculiarities  will 
become  apparent  with  a  study  of  the  data.  With  one  exception  each 
cross  was  grown  in  60  single  rows  of  about  10  plants  each.  The  dis- 
tribution of  the  rows  of  a  cross  was  made  systematically.  The  self- 
fertihzed  lines  are  designated  by  index  letters,  and  the  crosses  are 
indicated  by  the  two  letters  representing  the  parent  lines  involved. 

Natural  infection  was  relied  upon  to  produce  the  disease.  It  is 
beUeved  that  there  was  abundant  opportunity  for  plants  to  become 
smutted,  as  90  to  100  per  cent  of  the  plants  of  susceptible  strains 
grown  in  plots  adjacent  to  these  experiments  were  diseased. 

Lateral  buds,  or  potential  ear  shoots,  usually  appear  at  a  number 
of  the  culm  nodes  of  the  corn  plant  and  sometimes  at  nodes  of  the 
ear  shanks  or  stems  by  which  ears  are  attached  to  the  culms.  In 
the  experiments  reported  here  it  was  observed  that  most  if  not  all  of 
the  nodal  smut  originated  in  these  shoots,  which  is  in  agreement  with 
the  observations  of  Potter  and  Melchers  (8).  In  these  experiments 
a  greater  proportion  of  the  shoots  bore  grain  in  some  crosses  than  in 
others,  variable  growing  conditions  being  responsible  for  considerable 
fluctuation  in  this  regard.  Varying  with  each  cross,  therefore,  those 
shoots  from  nodes  that  normally  bore  grain  were  classed  as  ''primary 
shoots"  and  those  from  nodes  that  normally  did  not  bear  grain  were 
classed  as  ''secondary  shoots."  Occasionally,  for  unusual  reasons,  a 
shoot  classed  as  primary  had  no  grain  and  one  classed  as  secondary 
had  a  slight  quantity. 

The  husks  were  examined  on  the  plants  before  they  had  dried,  and 
the  number  of  ears  completely  inclosed  in  husks  and  the  number 
exposed  through  openings  in  or  between  the  husks  were  recorded. 
The  first  class  is  termed  "husk  protected"  and  the  last  is  termed  "ex- 
posed." Birds  tore  the  tips  of  many  of  the  thinner  husk  coverings, 
but  preliminary  examinations  revealed  no  evidence  that  smutting 
followed  this  damage,  and  it  therefore  was  disregarded. 

Corn  ear-worms  {HeliotJiis  ohsoleta  Fab.)  very  commonly  entered 
husks  that  otherwise  completely  covered  the  ears.  As  the  tissues 
concerned  usually  had  passed  the  smut-susceptible  stage  before  the 
worm  damage  occurred,  the  holes  made  by  the  insects  in  most  cases 
were  not  a  factor  iji  permitting  or  preventing  infection.  A  very  few 
primary  shoots  were  damaged  by  ear  worms  at  an  earlier  stage  of 
development  while  the  tissues  were  still  susceptible  to  smut.  This 
damage  was  of  such  nature  and  effect  that  these  shoots  wxre  classed 
as  exposed,  although  all  other  cases  of  ear-worm  damage  were  ignored 
in  classifying  the  material  for  husk  protection. 

GENETIC    BEHAVIOR    OF    HUSK    PROTECTION 

Table  1  shows  the  total  number  of  ears  produced,  the  total  number 
of  husk-protected  ears,  the  number  of  husk-protected  ears  per  1,000 
ears  produced,  the  total  number  of  smutted  ears,  and  the  number  of 
Smutted  ears  per  1,000  plants  in  each  cross  and  in  the  average  of  the 
crosses  of  each  selfed  line  with  the  other  six  lines. 

The  table  shows  that  in  ascending  order  the  average  number 
of  husk-protected  ears  per  1,000  ears  in  the  crosses  of  each  selfed  hne 
with  each  of  the  other  six  in  the  experiment  were  600,  609,  712,  748, 
847,  923,  and  946  for  the  Hnes  C,  A,  D,  B,  E,  F,  and  G,  respectively. 
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The  range  in  husk  protection,  as  measured  by  the  differences  between 
the  minimum  and  maximum  numbers  of  hiisk-protected  ears  per 
1,000  ears,  among  the  crosses  of  each  of  the  parent  hues  in  the  same 
order  is  779,  741,  540,  537,  390,  141,  and  83  ears.  This  is  in  descend- 
ing order  for  magnitude  of  range.  The  range  in  husk  protection 
among  the  different  crosses  of  a  given  line  in  this  experiment  tended 
to  be  inversely  proportional  to  the  average  number  of  husk-protected 
ears  per  1,000  in  those  crosses  as  a  group. 

Table  1. — Relation  between  the  proportions  of  husk-protected  ears  and  smutted  ears 
in  different  Fi  crosses  between  indicated  selfed  lines  of  corn,  at  Arlington  Experi- 
ment Farm  in  1926 


Parent 

Items  of  comparison 

Number  of  ears  produced  by  parent  line— 

Total 

Aver- 

line 

A 

B 

C 

D 

E 

F 

G 

age 

[Total  ears. 

934 

628 
672 

16 
30 

"'563' 

235 
417 

19 

34 

647 

410 
634 

11 

19 

568 

511 
900 

2 

4 

563 

537 
954 

8 

14 

649 

614 
946 

7 
12 

656 

119 
181 

38 

66 

563 

235 
417 

19 

""650" 

243 
374 

22 

39 

516 

460 

891 

19 
35 
552 

506 
920 

10 

18 

548 

526 
960 

.     2 
4 

1,034 

612 
592 

14 

25 

647 

410 
634 

11 

19 

650 

243 
374 

22 
39 





686 

604 
880 

2 

4 

673 

615 
914 

I 

723 

656 
907 

0 

842 

505 
600 

43 

SO 
568 

511 
900 

2 

4 

516 

460 
891 

19 

35 

686 

604 
880 

2 
4 



"""439" 

434 
989 

3 

7 
487 

482 
990 

1 
2 

723 

613 

848 

6 

11 

SB 

537 
954 

8 

14 
.552 

508 
920 

10 

18 

673 

615 
914 

I 

439 

434 
989 

3 

7 

■"463" 

443 

957 

1 
2 

243 

224 
922 

1 

6 

649 

614 
946 

7 

12 

548 

526 
960 

2 

4 

723 

656 
907 

s 

487 

482 
990 

J 

443 

957 

1 
2 

4,432 
2,701 

118 
'§,"924" 
2,935 

63 
"3,"485" 
2,091 

110 
'4,'4i3" 
3,140 

52 
"3,"538 
2,996 

70 
"3,"4i3" 
3,150 

31 

"3;ii3" 

2,945 

Husk-protected  ears: 

Total  -.. 

A 

Per  1,000  ears.   .. 

609 

Smutted  ears: 

Total-. 

Per  1,000  plants - 

40 

B. 

Total  ears 

Husk-protected  ears: 

Total-. 

Per  1,000  ears 

934 

628 
672 

16 
30 
656 

119 
181 

38 

66 

1,034 

612 
592 

14 

25 

842 

505 
600 

43 

80 
723 

613 
848 

6 

11 

243 

224 
922 

1 
6 

748 

Smutted  ears: 
Total 

Per  1,000  plants 

Total  ears 

19 

;  Husk-protected  ears: 

Total 

C 

Per  1,000  ears 

600 

Smutted  ears: 

Total-. 

Per  1,000  plants 

^Total  ears 

33 

D 

Husk-protected  ears: 

Total 

Per  1,000  ears.   .. 

712 

Smutted  ears: 

Total--- 

Per  1,000  plants 

Total  ears 

15 

Husk-protected  ears: 
Total 

E 

Per  1,000  ears.-   

847 

Smutted  ears: 

Total 

Per  1,000  plants 

Total  ears 

23 

Husk-protected  ears: 
Total 

F 

Per  1,000  ears 

923 

Smutted  ears: 
Total 

Per  1,000  plants 

Total  ears  . 

10 

Husk-protected  ears: 

Total 

G 

Per  1,000  ears 

946 

Smutted  ears: 

flTotal 

Per  1,000  plants. 

12 

- 

When  a  Hne  with  extremely  long  husks,  line  G  for  example,  was 
crossed  wHh  each  of  the  other  six,  the  number  of  protected  ears  per 
1,000  was  much  the  same  in  the  different  crosses,  having  a  range  of 
only  83  ears.  When  line  C  with  extremely  poor  husk  protection  was 
crossed  with  each  of  the  other  six,  the  number  of  protected  ears  per 
1,000  in  the  different  crosses  differed  widely,  showing  a  range  of  779. 
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In  the  cross  CG,  representing  lines  for  poor  and  good  husk  protection, 
the  number  of  husk-protected  ears  was  960  per  1,000,  which  number 
is  exceeded  by  only  two  other  crosses. 

The  data  might  be  taken  to  suggest  that  the  factors  for  husk  pro- 
tection are  dominant.  Husk  protection  is  dependent  upon  the 
length,  thickness,  tightness,  and  texture  of  the  husks,  also  upon  the 
size  of  the  ears  that  the  husks  are  to  protect.  Ear  size  varies  widely 
with  the  growing  conditions,  as  will  be  shown  later.  It  seems  more 
probable  that  there  was  intermediate  inheritance  of  the  husk  complex 
and  that  line  G  carried  factors  which,  combined  with  those  of  any 
of  the  other  lines,  caused  the  development  of  intermediate  Fi  husks 
sufficient  to  protect  most  of  the  ears  within  the  range  in  ear  size  which 
occurred.  On  the  other  hand  line  C  contributed  relatively  little  to 
the  genetic  complex  controlling  protection,  as  is  evidenced  by  the  cross 
AC  with  only  181  per  1,000  of  its  ears  protected.  Husk  protection 
of  a  cross  involving  line  C  depended  largely  upon  the  other  parent 
and  tended  to  vary  accordingly.  Plate  1,  A  and  B,  and  Plate  2, 
A  and  B,  illustrate  characteristic  husk  coverings. 

RELATION    BETWEEN    HUSK    COVERING    AND    SMUTTED    EARS 

Of  the  13,159  ears  grown  from  all  of  the  crosses,  9,979  were  in  the 
husk-protected  class,  and  none  of  these  were  smutted.  On  the  other 
hand,  228,  or  72  per  1,000  of  the  3,180  ears  in  the  exposed  class,  were 
smutted. 

As  the  ears  always  were  free  from  smut  when  tightly  inclosed  by 
husks,  it  is  evident  that  the  number  of  smutted  ears  must  be  in- 
versely proportional  to  the  number  of  husk-protected  ears  and  that 
any  departure  from  this  tendency  must  be  due  to  escape  or  to  resist- 
ance not  correlated  with  husk  protection. 

As  shown  in  Table  1,  the  crosses  involving  hues  F  and  G  had  the 
largest  proportion  of  protected  ears,  and  of  these  two  groups  an  aver- 
age of  only  7  ears  per  1,000  were  smutted.  The  crosses  involving 
lines  B,  D,  and  E  had  an  intermediate  proportion  of  protected  ears, 
and  of  their  combined  crop  19  ears  per  1,000  were  smutted.  The 
crosses  involving  lines  A  and  C  had  the  smallest  proportion  of  pro- 
tected ears,  and  36.5  ears  per  1,000  of  their  total  number  were  smutted. 
The  crosses  with  the  best  husk  protection,  the  G  crosses,  produced 
approximately  one-eighth  as  many  smutted  ears  as  the  crosses  with 
the  poorest  husk  protection,  the  C  crosses. 

INFLUENCE  OF  ENVIRONMENT  ON  HUSK  PROTECTION 

Most  of  the  soil  of  the  experimental  plots  was  a  silt  loam,  but 
certain  irregular  spots  were  very  sandy.  There  was  a  deficiency  of 
rainfall  during  a  period  of  some  weeks,  ending  near  the  close  of  the 
polhnating  period  for  the  latest  cross.  The  size  of  culms  amd  ears  in 
most  of  the  crosses  was  obviously  less  on  the  sandy  spots  than  on 
the  silt-loam  soil.  It  is  probable  that  husk  development  also  was 
correspondingly  less  on  the  sand  and  that  husk  growth  was  nearly  or 
quite  complete  at  the  close  of  the  drought.  Rains  were  frequent 
after  the  drought  was  broken,  and  the  water  supply  was  ample  for 
subsequent  growth  on  both  classes  of  soil.  Ear  development  in  the 
later  crosses  was  more  nearly  alike  on  the  two  soils  than  was  husk 
development,  husk  development  being  completed  earlier  in  the  life 
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Plate  1 


Some  Typical  Husk  Coverings 

A.— Husks  on  a  representative  ear  of  the  cross  between  line  A  and  each  of  the  other  six 
lines  in  the  experiments.  Line  A  is  extreme  for  short  thin  husks.  The  ears  chosen  to 
represent  the  crosses  were  sufficiently  covered  to  prevent  smutting,  but  the  relative  thin- 
ness of  the  husks  is  indicated  by  relative  proportions  of  shredding  by  birds.  Crosses  AB, 
AC,  AD,  and  AF  show  the  shredding,  AE  and  AG  remaining  fairly  intact. 

B.— Husks  on  representative  ears  of  the  cross  between  line  G  and  each  of  the  other  six 
lines  in  the  experiments.  Line  G  was  an  extreme  for  long  tight  husks,  and  its  crosses  had 
the  highest  percentage  of  husk-protected  ears.  The  husk  representing  cross  GA  is  typical 
for  length  and  compactness  of  covering,  but  the  split  near  the  tip  rarely  occurs  and  shows 
how  an  otherwise  good  covering  may  sometimes  permit  infection  of  the  ear.  All  of  the 
coverings  were  too  thick  and  tough  for  the  birds  to  tear,  and  especially  in  crosses  GB,  GD, 
GE,  and  GF  they  remained  as  a  tightly  inclosing  sheath  when  dry. 
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Plate  2 


B 


Classes  of  Husks  That  Most  Coivimonly  Permit  Smutting  of  the  Ovules 

A.— Husks  too  short  to  cover  the  tip  of  the  ear,  and  smut  galls  have  developed  on  the  exposed 
ovules.    A  part  of  the  smut  growth  was  removed  to  show  the  cob. 
B.— A  thin  loose  husk  that  permitted  ovules  of  the  poorly  filled  cob  to  become  infected  by  smut. 
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cycle  and  on  the  sandy  soil  being  limited  by  the  drought.  The  rela- 
tively large  ears  and  small  husk  of  the  late  crosses  resulted  in  a  higher 
percentage  of  unprotected  ears  on  the  sandy  soil. 

The  earhest  cross  completed  its  silking  about  two  weeks  before  the 
latest.  The  ears  of  this  cross,  being  affected  longer  by  drought 
during  their  growing  period,  were  smaller  than  those  of  later  crosses. 
The  esLTs  of  cross  CD  were  most  seriously  affected  in  this  way.  The 
husk  development  of  this  cross  was  lessened  by  the  drought,  but  the 
ears  were  relatively  so  much  more  affected  that  a  proportionately 
smaller  number  of  them  outgrew  their  husks  on  the  sandy  soil  than 
on  the  heavier  soil. 

Comparable  data  were  obtained  from  seven  crosses  on  each  of 
the  two  classes  of  soil.  These  are  shown  in  Table  2.  The  compari- 
sons are  made  between  crosses  differing  by  one  parent  and  in  relative 
length  of  the  period  from  planting  to  silking,  the  duration  of  the 
period  being  indicated  by  the  terms  short,  midlength,  and  long. 

Table  2  shows  the  total  and  average  weight  of  ears,  the  total 
number  of  ears  produced,  the  number  of  husk-protected  ears,  and 
the  percentage  of  husk-protected  ears  for  silt  and  sandy  soil,  also 
the  average  weight  and  percentage  of  husk  protection  of  ears  on 
sandy  soil  expressed  as  a  percentage  of  that  on  silt  soil. 

T.\BLE  2. — Effect  of  soil  variations  in  modifying  the  percentage  of  husk-protected  ears 
by  altering  the  relative  development  of  the  husks  and  ears  in  different  Fi  corn 
crosses  at  Arlington  Experiment  Farm  in  1926 


Period  from 

planting  to 

silking 

Ears  produced  on  silt  soil          Ears  produced  on  sandy  soil 

1 

Ears  on  sandy 
soil  compared 

Compari- 
son and 
cross 

Weight 
(pounds) 

Number       pe.      (^^^^ 
1  cent- 

Number 

Per- 
cent- 
age 
pro- 
tected 

as  a  percentage 

of  those  on 

silt  soil 

To- 
tal 

Aver- 
age 

To- 
tal 

Aver- 
age 

To- 
tal 

Pro- 
tected 

Average 
weight 

Pro- 
tected 

l..| 
3-. 

rcD... 

LAD... 
fDF... 

BF... 

DG... 

BG... 

AG... 

Short 

Midlength.. 

do 

Long 

Short 

Midlength.. 
Long 

158 
219 
140 
149 
145 
159 
106 

0.554 
.372 
.422 
.536 
.411 
.566 
.387 

285 
588 
332 
278 
353 
281 
274 

102       35. 8 
439       74. 7 
.308       92. 8 
268       96.4 
310       87. 8 
262       93. 2 
242       88.3 

38 
54 
45 

t 
0.  299  1  107 
.  289  i  263 
.311  i  122 
.466      116 
.  296     152 
.  418  1  153 
.  389  '  193 

48 
91 
107 
98 
138 
141 
149 

44.9 
34.6 
87.7 
84.5 
90.8 
92.2 
77.2 

54.0 
77.7 
73.7 
Sfi.Q 
72.0 
73.9 
100.5 

125.4 
46.3 
94.5 
87.7 

103.4 
98.9 
87.4 

Referring  to  the  last  two  columns  of  Table  2,  the  sandy  soil  pro- 
duced hghter  ears  than  the  silt  soil  in  all  except  the  long-period 
cross  AG,  and  the  relative  average  weight  of  these  ears  tended  to 
be  directly  proportional  to  the  length  of  the  growing  period.  This 
soil  also  produced  relatively  fewer  husk -protected  ears  than  the  silt 
in  all  except  the  short-period  crosses  CD  and  DG,  and  the  relative 
proportion  of  these  ears  tended  to  be  indirectly  proportional  to  the 
length  of  the  growing  period.  Comparing  the  data  of  the  two 
columns,  the  relative  average  weights  of  ears  and  the  relative  per- 
centage of  husk-protected  ears  tended  to  be  inversely  proportional 
in  each  comparison. 

Crosses  AD  and  DF  required  about  the  same  period  from  planting 
to  silking,  and  the  short-husk  line  D  was  represented  in  both.  To 
this  extent  they  were  comparable.  Line  A  contributed  relatively 
little  husk  protection  to  AD,  and  line  F  contributed  relatively  much 
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husk  protection  to  DF.  Compared  with  the  planting  on  silt  soil, 
cross  AD  produced  537  and  cross  DF  produced  55  more  exposed  ears 
per  1,000  when  planted  on  sandy  soil.  The  influence  of  the  environ- 
ment upon  husk  protection  was  marked  in  the  combination  between 
two  lines  with  poor  husk  protection  and  was  only  shght  in  the  com- 
bination between  one  hne  with  poor  and  one  with  good  husk  protec- 
tion. In  the  experiment  as  a  whole,  the  crosses  EF,  EG,  and  FG, 
having  the  best  average  husk  protection  (Table  1),  produced  only 
11,  10,  and  43  exposed  ears  per  1,000,  respectively.  In  these  crosses 
exposures  usually  were  due  to  exceptionally  early  ear-worm  attack,  or 
to  the  husks  splitting  over  the  sides  of  the  ears,  and  not  to  loose 
husks  or  to  ears  growing  through  the  end  of  the  husk  covers.  Accord- 
ingly, exposure  of  ears  in  the  best  husk-protected  crosses  were  affected 
scarcely  at  all  by  chmatic  or  soil  differences  involved  in  these  experi- 
ments. 

CONCLUSIONS 

The  foregoing  data  indicate  that  strains  of  corn  obtained  by 
selection  within  self -fertilized  hues  differ  widely  in  their  abihty  to 
produce,  in  their  crosses  with  other  selfed  hues,  husks  that  will  tightly 
inclose  the  ears.  The  data  show  that  in  these  experiments  there  was 
a  negative  correlation  between  the  number  of  husk-protected  ears 
and  the  number  of  smutted  ears,  and  that  such  protection  was  a 
factor  in  determining  the  relative  resistance  to  ear  smut  of  the  crosses 
involved  in  these  experiments. 

SUMMARY 

Seven  self-fertihzed  corn  Hues  with  established  differences  in  husk 
protection  were  represented  in  the  experiments  here'  reported  by 
crosses  resulting  from  all  possible  combinations  of  the  seven. 

It  seems  probable  that  intermediate  inheritance  of  the  husk  complex 
in  combination  with  variable  ear  size  gave  the  resulting  husk  protection 
in  the  different  crosses. 

All  of  the  ears  tightly  inclosed  by  husks  were  smut  free.  The 
crosses  involving  line  G  were  the  best  husk-protected  group  and  pro- 
duced approximately  one-eighth  as  many  smutted  ears  as  the  group 
of  crosses  involving  line  C,  which  were  poorest  in  husk  protection. 

The  relative  sizes  of  husks  and  ears  varied  with  environment, 
causing  fluctuation  in  the  proportion  of  husk-protected  ears  for  dif- 
ferent conditions.  Environmental  effect  w^as  shght,  however,  in 
crosses  that  had  the  greatest  average  proportion  of  husks  to  size  of 
ears. 
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INTRODUCTION 

^  Potato  growers  in  some  parts  of  the  United  States  are  confronted 
every  ^^ear  w4th  the  problem  of  deciding  whether  to  discard  outright 
or  attempt  to  use  potato  seed  stock  that  has  been  more  or  less  in- 
jured by  freezing  in  storage  or  transit.  There  are  two  important 
factors  to  take  into  consideration  before  deciding  this  question : 
(1)  The  amount  or  extent  of  injury  in  the  stock  on  hand ;  and  (2)  the 
availability  of  new  stock  free  from  injury  and  the  cost  of  replacing 
injured  seed  stock  with  new  stock.  This  bulletin  gives  the  results 
o,f  a  series  of  experiments  conducted  to  determine  the  effect  of 
freezing  on  potato  seed  stock. 

PLAN  OF  THE  EXPERIMENTS 

In  the  work  herein  reported  a  study  was  made  of  the  effect  on 
yield  resulting  from  the  use  of  frozen  seed  potatoes  showing  varying 
degrees  of  injury.  The  potatoes  used  were  frozen  under  controlled 
laboratory  conditions.  The  purpose  was  to  study  the  comparative 
yield  of  frozen  seed  stock  with  the  same  stock  known  to  be  free  not 
only  from  freezing  injury  but  to  have  been  entirely  free  from  ex- 
posure at  any  time  to  conditions  that  might  result  in  freezing  injury. 

The  varieties  of  potatoes  studied  were  Irish  Cobbler,  Green  INIoun- 
tain,  and  Triumph,  each  a  distinct  strain  of  superior  quality  for 

1  The  investigations  here  reported  were  carried  on  cooperatively  under  the  projects  fruit 
and  vegetable  handling,  stoi-agei,  and  transportation  and  potato  investigations.  Each 
writer  assumes  'equal  responsibi?ty  for  the  results  given. 
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seed  purposes.  The  experiments  were  commenced  in  1922.  During 
that  year  a.nd  in  1923  and  1924  the  work  was  carried  on  with  stock 
exposed  to  .freezing  at  the  cold-storage  laboratory  at  the  Arlington 
Experiment  Farm,  Eosslyn,  Va.,  and  shipped  to  Presque  Isle,  Me., 
to  be  planted.  Owing  to  certain  undesirable  features  of  the  original 
plan,  it  was  decided  in  1924  to  continue  the  investigation  at  the 
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Figure  1. — Yields  in  bushels  per  acre  and  in   pounds   per  hill  and   percentage  of 
gei-mination  of  potatoes  at  Arlington   farm 


Arlington  farm.  Although  a  planting  was  made  in  Maine  that 
year,  work  was  also  started  at  the  Arlington  farm  and  continued 
through  1925  and  1926. 

The  method  employed  each  season  in  freezing  the  potatoes  was  as 
follows :  Barrel  lots  of  each  variety  were  removed  from  the  regular 
40°  F.  storage  room  and  spread  out  on  a  platform  in  a  layer  one  tuber 
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deep  at  a  temperature  of  25°  for  18  hours.  They  were  then  gathered 
and  tossed  into  a  basket  in  such  a  way  as  to  jar  but  not  bruise  them 
and  again  were  spread  out.  Experience  has  shown  that  this  method 
of  handling  usually  starts  freezing  in  potatoe3  that  are  undercooled 
below  their  freezing  point,  which  is  about  29°, ^  without  actual  freez- 
ing having  taken 
place.^  After  an  ad- 
ditional three  hours 
of  exposure  at  the 
temperature  of  25°, 
the  potatoes  were  re- 
moved to  a  room 
held  at  a  temperature 
ranging  from  60°  to 
70°.  After  two  or 
three  days,  all  soft 
and  wet  specimens 
w^ere  discarded,  and 
the  remaining  tubers 
were  usually  put  back 
into  40°  storage  until 
desired  for  use. 

In  1922  the  stock 
was  subjected  to 
freezing  late  in  April, 
as  described.  Soft, 
wet  specimens  were 
removed,  and  the  re- 
mainder were  shipped 
immediately  to  Maine 
to  be  planted.  In 
1923  and  1924  du- 
plicate lots  of  stock 
were  treated  in  both 
January  and  April. 
Lots  exposed  in  April 
were  shipped  imme- 
diately, together  with 
those  exposed  in  Jan- 
uary which  had  been 
held  in  40°  storage. 
Satisfactory  compar- 
isons between  the  lots 
exposed  and  held  in 

Qforncrp  nnrl  fVincti  ov  FiGUBE  2. — Stem  end  of  potatoes  cut  off,  exposing  the 
bioidge  dnu   tnobe  ex-  freshly  cut  tissues.     No  freezing  injury  is  apparent 

posed    and    shipped 

immediately  for  planting  could  not  be  made  because  of  inevitable 
variations  in  treatment.  The  potatoes  shipped  to  Maine  were  not 
classified  as  to  the  extent  of  injury,  as  was  done  at  the  Arlington 

2  Wright,   R.   C,  and  Taylor,  G.  F.     the  freezing  temperatures  of   some   fruits, 
VEGETABLES,  AND  CUT  FLOWERS.     U.  S.  Dept.  Agr.  Bul.  1133.  8  p.      1923. 

3  Wright,  R.  C.  and  Taylor,  G.  F.     freezing  injury  to  potatoes  when  undercooled. 
U.  S.  Dept.  Agr.  Bul.  916,  15  p.,  lllus.     1921. 
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farm.  The  treated  lots  were  all  classed  as  frozen,  and  the  resultant 
yields  were  compared  directly  with  check  lots  of  untreated  material 
from  the  same  source. 


RESULTS  AT  PRESQUE  ISLE,  ME. 

The  yields  in  bushels  per  acre  obtained  from  the  seed  frozen  and 
shipped  to  Presque  Isle  in  the  seasons  of  1922,  1923,  and  1924  are 

shown  in  Table  1, 
Owing  to  the  practi- 
cal impossibility  of 
duplicating  precise 
conditions,  such  a 
variation  in  degree 
of  injury  existed  be- 
tween the  lots  frozen 
in  January  and  those 
treated  in  April  that 
it  seems  more  rea- 
sonable to  account  in 
this  way  for  the  dif- 
ferences in  yield  be- 
tAveen  lots  frozen  at 
the  two  periods, 
rather  than  to  at- 
tribute these  differ- 
ences to  the  rela- 
tively long  period  of 
storage  after  freez- 
ing in  the  lots  treated 
in  January.  A  study 
of  Table  1  shows  an 
average  yield  for  the 
three  seasons  of 
prime  potatoes  from 
frozen  Green  Moun- 
tain seed  of  266.34 
bushels  per  acre,  cal- 
culated from  actual 
yields  per  row,  as 
compared  w  i  t  li 
304.43  bushels  from 
the  check  or  un- 
treated potatoes, 
thus  revealing  a  loss 
of  38.09  bushels  per 
The 


FiGUKE  3. — Slight  freezing  injury  shown  at  the  stem  end 
of  the  potato 


acre. 


average 


yield  from  frozen  Irish  Cobbler  potatoes  was  282.76  bushels  per  acre 
of  primes  against  309.83  bushels  from  the  untreated  Irish  Cobblers,  a 
loss  of  27.07  bushels  due  to  freezing  injury.  Frozen  Triumph  seed 
potatoes  yielded  112.4  bushels  per  acre,  whereas  unfrozen  seed 
yielded  207.77  bushels,  a  loss  of  95.37  bushels.  Although  the  average 
figures   show   a  loss  in  yield   from   planting  frozen  seed,   certain 
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instances  show  individual  yields  from  frozen  seed  to  be  as  high  as 
from  the  checks,  or  higher. 

The  percentage  of  germination  from  frozen  and  check  potatoes 
as  given  in  Table  1  shows  a  decrease  in  every  instance,  due  to  freez- 
ing injury. 


Table  1.- 


yields  mid  percentages  of  germination  obtained  from  frozen  ficed 
tatoes  at  Presque  Isle,  Me.,  in  1922,  1923,  and  192'^ 


-Acre 

potatoes 


Yields  per  acre 

Germination 

Variety  and  treatment 

1922 

1923 

1924 

o 
ca  E 

< 

05 

i 

1 

s 

CO 

o 

•c 

P4 

Ai 

Q 

£ 
< 

Green  Mountain: 

Bmh. 

Bush. 

Bush. 
376.7 
236.7 
385.0 

390.0 
365.0 
433.3 

116.7 
90.0 
180.0 

Bush. 
38.3 
36.7 
70.0 

55.0 
41.7 
60.0 

41.7 
15.0 
41.7 

Bush. 
181.6 
2S1.6 
260.0 

125.0 
225.8 
230.0 

64.1 
192.5 
175.0 

Bu^h. 
5.8 
12.0 
10.0 

3.0 
15.0 
12.5 

4.1 
23.3 
25.0 

Bush. 

}266. 34 

304.43 

}282.  76 
309.83 

J112.4 
207.77 

P.ct. 

\94.4' 

98.7 

193."  5' 
95.4 

Ue.'o' 

87.0 

P.d. 
95.0 
61.0 
99.0 

94.0 
72.0 
97.0 

96.0 
52.0 
98.0 

P.ct. 

65.4 
93.6 
96.0 

82.4 
96.4 
97.6 

41.6 
93.2 
97.6 

P.ct. 

|81.88 
97.9 

}87.  66 
96.7 

Frozen  in  April 

Ciieck 

Irisli  Cobbler: 

Frozen  in  January 

255.1 
268.3 

57.9 
65.8 

Frozen  in  April 

Check 

308.0 
266.2 

77.0 
136.1 

Triumph: 

Frozen  in  January 

Jes.  76 

94.2 

Frozen  in  April 

Check                        

98.7 
268.3 

50.9 
65.7 

RESULTS  AT  ARLINGTON  EXPERIMENT  FARM 

In  the  experiments  conducted  at  the  Arlington  Experiment  Farm 
two  plantings  were  made  each  year — one  in  April  and  a  later  one 
in  July.  In  each  instance  the  seed  was  subjected  to  freezing,  as 
already  described,  about  two  weeks  before  planting  time.  The 
method  pursued,  however,  differed  from  the  one  followed  in  Maine 
in  that  previous  to  planting  the  potatoes  of  each  lot  were  classified 
according  to  the  degree  of  injury,  and  these  classes  for  each  variety 
were  planted  separately.  In  order  to  determine  the  extent  of  injury, 
a  thin  transverse  slice  sufficiently  deep  to  expose  all  tissue  across  the 
stem  end  was  cut  from  each  exposed  tuber.  The  potatoes  of  each 
variety  were  thus  arbitrarily  classified  according  to  the  extent  of 
freezing  injury  on  the  basis  of  the  discoloration  apparent  in  the 
freshly  cut  tissue. 

In  1924  and  in  1926  these  were  classified  in  groups  designated  as 
"bad,"  "slight,"  and  "no  injury."  In  1925  an  additional  group 
designated  as  "  medium "  was  used.  Those  classed  as  bad  showed 
definite  necrosis  of  the  vascular  sj^stem  with  large  dark  blotches 
scattered  over  the  cut  surface  of  the  tubers,  indicating  considerable 
cellular  breakdown;  those  classed  as  slight  usually  showed  a  few 
small  dark-gray  spots  or  a  slightly  grayish  discoloration  near  the 
vascular  ring;  those  classed  as  medium  showed  a  rather  intermediate 
stage  between  slight  and  bad  necrosis.  In  the  seasons  when  the 
medium  classification  was  not  used  the  tubers  that  would  have  gone 
into  this  group  were  divided  between  the  slight  and  bad  groups, 
depending  upon  the  degree  of  discoloration  apparent.  The  potatoes 
classed  as  showing  no  injury  presented  a  normal  appearance  in  every 
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respect  and  could  not  be  distinguished  from  potatoes  that  had  not 
been  exposed  to  freezing  temperatures.  All  of  these  potatoes 
undoubtedly  were  undercooled — that  is,  they  were  cooled  down  below 
the  freezing  point,  since  they  were  left  for  21  hours  at  the  low 
temperature,  but  owing  to  some  particular  characteristics  they  did 

not  freeze  even  after 
being  jarred  and 
thrown  into  the 
basket. 

In  the  classifying 
of  the  potatoes  a  cer- 
tain number  of  soft- 
type  individuals  were 
found,  as  described 
by  Wright  and  Diehl 
in  another  publica- 
tion,* which,  on  cut- 
ting, showed  no  dis- 
coloration but  proved 
to  be  actually  killed 
by  freezing,  and 
these  decayed  when 
left  for  six  or  eight 
days  at  the  warm- 
r  o  o  m  temperature. 
These  specimens 
were  distinguished 
from  normal  pota- 
toes largely  by  the 
odor,  when  cut  with- 
in one  or  two  days 
after  exposure  and 
before  actual  decay 
commenced.  Such 
specimens  have  a 
rather  sour  odor,  as 
distinguished  from 
the  c  h  a  r  a  cteristic 
smell  of  freshly  cut 
normal  potatoes,  and 
are  also  inclined  to  be 
slightly  softer  and 
to  cut  without  the 
characteristic  crackle  of  normal  potatoes.  It  was  necessary  to 
exert  some  care  in  separating  these  specimens  from  the  no-injury 
group. 

All  the  potatoes,  including  the  check  rows  of  those  unexposed,  were 
planted  as  soon  as  possible  after  the  seed  pieces  had  been  cut.  The 
planting  scheme  was  to  arrange  hundredth-acre  rows  in  the  following 
order :  Bad  injury,  slight  injury,  no  injury,  and  check.  Each  group 
was  replicated  three  or  four  times  with  each  variety,  depending  upon 


Figure  4. 


-Bad  freezing  injury  shown  at  tlie  stem  end  of 
the  potato 


*  Wright,  R.  C,  and  Diehl,  H.  C.     freezing  injury  to  potatoes.     U.  S.  Dept.  Agr. 
Tech.  Bui.  27,  24  p.,  illus.     1927. 


FREEZING  OF  SEED  POTATOES  7 

the  quantity  of  material  available.     Hand-cut  seed  pieces  of  approxi- 
mately the  same  size  were  planted  14  inches  apart. 

The  average  yields  of  both  prime  and  cull  stock,  calculated  as 
bushels  per  acre  for  all  classes  of  injury  in  each  variety  throughout 
the  experiments,  are  given  in  Table  2;  and  the  percentages  of 
germination  of  seed  in  each  lot  and  the  yield  in  ounces  per  hill  are 
given  in  Table  3.  The  low  yields  for  both  early  and  late  crops  for 
1925  will  be  noted.  They  were  due  to  unusually  adverse  growing 
conditions  throughout  the  season.  As  expected,  judging  from  the 
appearance  of  the  potatoes  classed  as  bad,  a  satisfactory  germination 
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Figure  5. — Green  Mountain  potatoes  from  frozen  seed  photographed  in  the  field. 
Row  1,  check,  seed  not  exposed  to  freezing;  row  2,  seed  exposed  to  freezing,  but 
showing  no  injury  ;  row  3,  seed  showing  slight  freezing  injury  ;  row  4,  seed  show- 
ing bad  freezing  injury 

and  yield  in  this  group  was  not  obtained.  The  extent  of  injury  in 
potatoes  of  this  class  included  much  of  the  tissue  immediately  sur- 
rounding the  eyes  and  in  some  cases  included  them.  Those  classed 
as  slight  gave  a  varying  germination  from  rather  low  to  almost  as 
good  as  the  checks,  apparently  depending  upon  conditions  favorable 
for  germination.  When  the  weather  was  quite  favorable,  as  in  the 
case  of  the  late  crop  in  1926,  the  percentage  of  germination  in  this 
class  equaled  that  of  the  check.  In  most  cases  the  yield  from  those 
classed  as  no  injury  was  equal  to  that  of  the  checks,  whereas  the 
average  of  all  crops  showed  a  slight  advantage  in  yield  in  favor  of 
those  classed  as  ho  injury. 
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Table  2. — Acre  yields   oMained   from   frozen  seed  potatoes   at   Arlington  Ex- 
periment Farm,  1924-1926 


Crop 

Degrees  of  freezing  injury 

Variety 

Bad 

Medium 

Slight 

None 

Primes 

Culls 

Primes 

Culls 

Primes 

Culls 

Primes 

Culls 

Primes 

Culls 

Green  Mountain 

Irish  ("Gobbler 

Do 

Late,  1924... 
do 

Early,  1925.. 
do 

Late,  1925... 
do 

Early,  1926-. 

Late,  1926^1" 

do 

do 

Bush. 

138.'3' 

15.0 

8.1 

11.3 

10.3 

37.7 

15.8 

115.0 

12:.  S 

(io.  0 

Bush. 

""a  3' 

7.0 
6.7 
4.2 
3.5 
12.5 
9.5 
6.9 
8.8 
9.8 

Bush. 

"35."  2" 
9.7 
12.0 
29.3 

Bush. 

"i8."5' 
9.3 
12.8 
12.3 

Bush. 

192.0 

152.  5 

35.2 

11.2 

36.5 

25.3 

91.8 

44.2 

129.  6 

121.6 

90.  6 

Bush. 
14.1 
11.7 
13.9 
9.7 
13.6 
12.7 
12.7 
12.9 
11.6 
20.9 
20.9 

Bush. 
191.7 
156.7 

Bush. 
24.2 
13.3 

Bush. 
192.2 
152.1 
76.9 
40.6 
76.3 
53.2 
95.7 
84.4 
132.  5 
134.1 
98.9 

Bush. 

26.2 

7.9 

36.1 

Triumph 

24.3 

Green  Mountain 

Irish  Cobbler. 

54.2 

19.0 

24.0 
16.0 

Do 

110.1 
50.6 
153.3 

11.8 
15.9 
10.4 

11.4 

Triumph 

Green  Mountain  _.. 

9.7 
8.5 

Irish  Cobbler 

9.8 

Triumph-  . 

107.0 

16.8 

10.8 

It  is  probable  that  the  favorable  condition  for  germinating  and 
the  early  growing  conditions  are  more  important  in  determining  the 
yield  from  seed  injured  from  freezing  than  from  normal  seed.  Under 
unfavorable  growing  conditions  it  is  probable  that  the  young  sprouts 
depend  more  upon  the  seed  piece  for  nourishment ;  if  the  tissue  of  the 
pieces  is  injured  they  will  tend  to  decay  quickly,  and  the  new  sprouts 
will  perish  if  they  have  not  developed  far  enough  to  draw  sufficient 
nourishment  from  the  soil. 

Table  3. — Germin-ation  and  yield  per  hill  of  prime  potatoes  obtained  from  frozen 

-W26 


Crop 

Degree  of  freezing  injury 

Variety 

Bad 

Med 

ium 

Slight 

None 

II 

0 

1.2 

Q 
0 

[3 

C3 

II 

P.  Ct. 

56.  0 
11.2 
32.8 
29.4 
65.5 
63.2 
66.8 
94.8 
92.0 
91.4 

II 

0 

2 

a 
1.2 

0 

2 

Irish  Cobbler    

Early,  1925.. 
do 

Late,  1925... 
do 

Early,  1926.. 

":::do:::::: 

Late,  1926... 

do 

do 

P.d. 
21.7 
8.1 
8.2 
16.4 
44.0 
37.9 
33.6 
75.9 
81.8 
75.0 

Oz. 

r>.  1 
2.7 
11.4 
5.3 
1.8 
8.2 
3.8 
12.5 
12.3 

6.6 

P.ct. 
61.  5 
9.7 
25.0 
37.9 

Oz. 
4.5 
1.6 
4.0 
6.4 

Oz. 
5.4 
1.4 
9.3 
7.2 
1.8 
9.0 
5.4 
11.2 
11.0 
8.2 

P.ct. 

Oz. 

P.d. 
99.1 
99.3 
91.3 
90.6 
84.2 
84.0 
87.1 
98.8 
99.6 
94.9 

Oz. 

6.5 

Triumph . 

'34."9" 



13.0 

3.0 
7.0 

5.4 

(jtreen  Mountain 

63.8 
87.1 
85.3 
99.6 

1.9 
10.0 

5.0 
13.0 

2.2 

Irish  Cobbler 

9.5 

Triumph 

8.5 

11.0 

11.2 

Triumph 

95.8 

9.3 

9.0 

A  theoretical  explanation  will  have  to  suffice  to  account  for  the 
presence  of  potatoes  showing  no  injury  after  the  rather  severe  ex- 
posure described  and  for  the  slightly  largei*  average  yield  and  greater 
vitality  of  these  potatoes.  It  is  possible  that  these  individuals  were 
somewhat  more  resistant  to  freezing  than  the  average.  Data  ''  already 
published  show  that  potatoes  develop  symptoms  of  freezing  injury 
in  as  short  a  period  as  one-half  minute  after  actual  freezing  begins. 


■^Wright,  R.  C,  and  Dikhl,  IT.  C.     Op,  fit, 
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It  is  concluded,  then,  that  the  potatoes  showin<]^  no  injury  did  not 
actually  freeze,  although  most  of  the  surrounding  ones  showed  vari- 
ous degrees  of  injury  from  very  slight  to  being  frozen  to  death.  It 
further  seems  possible  that  other  qualities  exist  to  a  greater  degree 
in  these  resistant  individuals,  rendering  them  slightly  more  produc- 
tive under  certain  conditions  than  the  average.  The  greater  vitality, 
as  indicated  by  larger  and  more  vigorous  plants,  was  marked  through- 
out the  growling  seasons  from  the  time  the  plants  appeared  above  the 
soil  until  maturity. 

Table  3  shows  a  greater  yield  per  hill  from  no-injury  stock  over 
the  checks  in  all  but  one  case,  although  the  average  hill  had  no  more 
growing  space  and  the  average  percentage  of  germination  of  this 
stock  was  practically  the  same  as  that  of  the  check,  if  not  slightly 
greater.  Some  of  this  difference  may  be  attributed  to  the  thin  trans- 
verse slice  sufficiently  deep  to  expose  all  tissue  across  the  stem  end 
being  cut  from  each  exposed  tuber  in  order  to  examine  the  degree  of 
injury.  Although  this  slice  was  not  cut  from  the  checks  or  unex- 
posed tubers  and  no  eyes  were  cut  off  in  making  the  examination,  it 
is  possible  that  in  cutting  seed  pieces  of  equal  size  some  of  those 
having  ends  sliced  may  have  had  an  additional  eye  included  on 
certain  seed  pieces,  which  might  account  for  some  difference  in  the 
yield.  All  the  results  obtained  at  the  Arlington  farm  are  shown  in 
Figure  1.  In  Figures  2,  3,  and  4  are  illustrated  the  various  stages 
of  freezing  injury  in  potatoes  described  as  no  injury,  slight,  and  bad. 
Figure  5  is  from  a  photograph  taken  in  the  field,  showing  the  differ- 
ence in  the  appearance  of  plants  from  frozen  seed. 

CONCLUSION 

From  the  results  presented  herewith  it  seems  probable  that  under 
certain  conditions  seed  stock  known  to  have  been  more  or  less  frozen 
can  be  used  if  properly  handled.  Assuming  that  an  effort  is  to  be 
made  to  utilize  all  usable  material,  it  is  evident  that  as  soon  as  a  lot 
of  frozen  potatoes  is  well  thawed  the  first  procedure  should  be  to 
discard  all  soft  or  w^et  tubers  in  the  entire  lot,  for  these  have  been 
frozen  to  death  and  will  quickly  decay  and  contaminate  the  surround- 
ing potatoes.  If  the  remaining  potatoes  are  to  be  stored  for  any  con- 
siderable time,  a  second  inspection  would  be  advisable  to  eliminate 
any  specimens  in  which  the  decay  has  developed  more  slowly  than 
in  those  first  removed.  As  soon  as  convenient  the  potatoes  saved 
from  the  previous  inspections  should  be  inspected  by  cutting  off  a 
thin  transverse  slice  sufficiently  deep  to  expose  all  tissue  across  the 
stem  end  of  each  tuber,  or,  if  preferable,  by  cutting  each  tuber  in 
half.  Those  showing  extensive  blackening  or  discoloration  of  the 
freshly  cut  tissue  and  those  that  may  appear  normal  but  have  a  rather 
cheesy  texture  and  sour  odor  when  cut  should  be  discarded  as  being 
undesirable,  and  the  remainder  may  be  put  back  into  storage  until 
needed  for  planting.  In  this  way  the  quantity  of  undesirable  seed 
stock  can  be  determined,  in  order  that  it  may  be  replaced  by  new 
stock.  If  desirable,  however,  after  eliminating  the  soft  and  wet 
specimens,  the  sound  stock  can  be  left  in  suitable  storage  until  plant- 
ing time,  when  those  individuals  showing  serious  internal  discolora- 
tion may  be  discarded  when  the  seed  pieces  are  cut  for  planting. 
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SUMMARY 

Potatoes  treated  as  described  in  these  experiments  and  showing 
considerable  blackening  or  discoloration  of  the  freshly  cut  tissue  gave 
so  poor  a  stand  as  to  render  them  economically  unfit  for  seed  pur- 
poses, although  the  yield  per  hill  was  comparatively  good. 

Tubers  showing  slight  freezing — that  is,  injury  caused  by  or  ac- 
companying the  crystallization  of  water  in  the  tubers — proved 
suitable  for  seed. 

An  increased  vitality  and  yield  was  indicated  in  certain  potatoes 
that  showed  no  indication  of  freezing  injury  after  being  exposed  to 
temperatures  that  caused  marked  injury  to  other  tubers  of  the  same 
lot.  Whether  this  is  due  to  the  elimination  of  tubers  of  low  vitality 
by  freezing  or  to  some  stimulation  of  the  growth  processes  was  not 
determined.     This  point  deserves  further  investigation. 
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INTRODUCTION 

According  to  the  1920  census  report  (15),^  based  on  the  1919  crop, 
154,054  acres  of  irrigated  potatoes  were  produced  in  13  Western 
States,  namely,  Arizona,  California,  Colorado,  Idaho,  Montana, 
Nebraska,  Nevada,  New  Mexico,  South  Dakota,  Oregon,  Utah, 
Washington,  and  Wyoming. 

The  influence  of  irrigation  water  on  potato  production  has  been 
studied  by  numerous  investigators  since  the  estabhshment  of  irrigation 
projects  in  the  West.  There  appears  to  be  considerable  difference  of 
opinion  regarding  the  proper  time  of  making  the  initial  and  subsequent 
appHcations  of  water.  Some  recommend  that  the  first  irrigation 
should  be  withheld  until  the  plants  have  set  their  tubers  or  are  in 
bloom ;  others  say  it  is  better  not  to  apply  water  until  the  plants  show 
a  decided  dark-green  color;  other  suggestions  are  to  the  effect  that 
the  water  should  not  be  applied  until  the  foliage  begins  to  wilt.  There 
are  also  various  recommendations  regarding  the  quantity  of  water 
that  should  be  applied  at  ony  one  time,  and  a  diversity  of  opinion 
prevails  regarding  the  advisabihty  of  irrigating  up  the  newly  planted 
crop  even  though  the  soil  does  not  contain  sufficient  moisture  to 
insure  good  germination. 

REVIEW  OF  LITERATURE 

In  1921  Clark  (2)  reported  the  results  of  irrigation  studies  conducted 
at  Greeley,  Colo.,  in  1917  and  1918.  The  different  periods  in  which 
irrigation  was  started  were  designated  as ''checks,"  ''early,"  "medium" 

1  Italic  numbers  in  parentheses  refer  to  "  Literature  cited,"  p.  21. 
428160- 
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and  ''late."  In  1917,  when  dry-land  Pearl  seed  was  planted,  the 
early-irrigated  plots  yielded  13.3  bushels  per  acre  more  than  the 
check  plots,  whereas  the  medium-irrigated  plots  yielded  8.2  bushels 
less  than  the  checks,  and  the  late-irrigated  ones  gave  34.5  bushels 
less  than  the  check  plots.  In  the  same  year  the  early-irrigated  Pearls 
from  Wisconsin  yielded  9.2  bushels  per  acre  more  than  the  checks,  the 
medium  produced  10.5  bushels  less  than  the  checks,  and  the  late- 
irrigated  plots  showed  a  loss  of  36.9  bushels  per  acre. 

In  1918  the  early-irrigated  plots  planted  with  Pearls  yielded  13.5 
bushels  per  acre  more  than  the  checks,  whereas  the  late-irrigated 
plots  yielded  43.8  bushels  less  than  the  check  plots.  In  the  same 
year  plots  of  the  early-irrigated  Rural  New  Yorker  variety  yielded 
5.3  bushels  per  acre  more  than  the  check  plots,  and  the  late-irrigated 
plots  yielded  44=7  bushels  less  than  the  check  plots. 

D.  G.  Martin  {12\  of  Idaho,  reports  that  of  the  plots  receiving 
three,  live,  and  six  irrigations,  respectively,  the  latter  proved  the  most 
successful,  producing  201.6  bushels  (12,932  pounds)  per  acre  with 
2.05  acre-feet  of  water. 

F.  D,  Farrell  (5),  of  Idaho,  reporting  the  results  of  irrigation  studies 
conducted  at  the  Gooding  substation,  states  that  72,  146,  and  131 
bushels  were  produced  from  10.44,  17.88,  and  24.6  inches  of  water, 
respectively. 

In  1914  J.  S.  Welch  (i^),  of  Idaho,  reported  the  results  of  two- 
years'  experiments  conducted  along  the  following  lines:  (1)  First 
irrigation  when  plants  were  4  or  5  inches  high  and  subsequently  as 
often  as  necessary  to  keep  sufficient  moisture  to  furnish  good  growing 
conditions  until  the  tubers  were  the  size  of  an  egg,  then  no  more 
irrigation;  (2)  first  irrigation  when  plants  w^ere  4  or  5  inches  high  and 
as  often  as  necessary  during  the  remainder  of  the  season;  (3)  first 
irrigation  when  tubers  began  to  form  and  as  often  as  necessary  during 
the  remainder  of  the  season;  (4)  first  irrigation  when  the  tubers  were 
the  size  of  an  ^^^  and  as  often  as  necessary  during  the  remainder  of 
the  season;  (5)  no  irrigation. 

In  all  cases  the  last  irrigations  were  applied  about  the  middle  of 
August.  The  highest  yield,  247.45  bushels  (14,847  pounds)  of  mar- 
ketable tubers,  w^as  produced  from  the  plots  receiving  the  first 
irrigation  when  the  tubers  began  to  form.  The  next  highest  yield, 
241.73  bushels  (14,504  pounds),  was  obtained  on  plots  receiving 
their  first  irrigation  water  when  the  plants  were  4  or  5  inches  high. 

D.  H.  Bark  (^),  conducting  an  experiment  on  irrigation  at  Gooding, 
Idaho,  concluded  that  the  yield  of  potatoes  tended  to  increase  as  the 
supply  of  irrigation  water  increased,  although  the  rate  of  increase 
grew  smaller  wdth  the  increased  quantities  of  water.  In  1910,  0.87 
foot  of  water  produced  105.33  bushels  (6,320  pounds)  per  acre,  1.5 
feet  produced  198.87  bushels  (11,932  pounds),  and  2  feet  produced 
215.53  bushels  (12,932  pounds)  per  acre.  In  1911,  0.54  foot  of  water 
produced  122.48  bushels  per  acre,  2.2  feet  produced  278.97  bushels, 
and  3.64  feet  produced  279.23  bushels  per  acre.  In  1912,  2  feet  of 
water  produced  slightly  higher  yields  than  where  2.52  feet  were 
used.  The  yields  reported  for  1913  were  very  smilar  to  those  of  1910 
and  1911. 

In  1915  F.  Knorr  {11),  of  Nebraska,  reported  the  following  average 
yields  for  1912,  1913,  and  1914;  296  bushels  per  acre  by  irrigating 
every  row,  thus  keeping  the  soil  moist  and  the  plants  in  good  grow- 
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ing  condition;  270  bushels  per  acre  by  beginning  irrigation  after 
the  plants  seemed  to  require  water,  then  irrigating  every  other  row; 
239  bushels  per  acre  by  irrigating  alternate  rows  at  such  times  as 
the  crop  required  water  (with  the  first  irrigation  every  other  row  is 
skipped  and  with  the  second  irrigation  the  skipped  rows  were  irrigated 
and  so  on) ;  234  bushels  per  acre  by  irrigating  every  row  but  permitting 
the  plants  to  suffer  between  irrigations;  215  bushels  per  acre  by 
irrigating  every  other  row  throughout  the  season. 

In  1914  Knorr  (10)  reports  that  the  largest  yields  of  potatoes  were 
obtained  where  the  soil  was  kept  moist  throughout  the  season,  the 
average  yield  being  296.8  bushels  per  acre.  The  poorest  shaped 
tubers  were  produced  on  plots  where  the  plants  were  allowed  to 
suffer  between  irrigations;  the  yield  from  such  plots  was  244.4 
bushels  per  acre. 

In  1919  Knight  and  Hardman  (9)  reported  results  of  a  4-year  irri- 
gation experiment  in  Nevada  in  which  3,  6,  and  9  inch  applications 
were  made  (1)  before  the  plants  showed  a  tendency  to  wilt;  (2) 
when  plants  showed  a  tendency  to  mlt;  (3)  when  leaves  wilted 
down  once;  (4)  when  plants  failed  to  revive  during  the  night.  For 
the  4-year  period  the  highest  yield,  266.28  bushels  per  acre,  was 
obtained  with  an  average  total  irrigation  of  16.5  inches  given  in 
3-inch  applications  when  the  plants  showed  a  tendency  to  wilt.  The 
next  best  results,  238.88  bushels  per  acre,  were  obtained  with  eight 
3-inch  applications  given  before  the  plants  showed  a  tendency  to 
wilt. 

In  1920  Powers  and  Johnston  (IS),  of  Oregon,  reported  the  results  of 
12  years'  irrigation  studies,  and  the  following  recommendations  were 
made.  If  the  ground  is  dry  at  time  of  planting  it  is  best  to  irrigate 
before  plowing.  The  proper  time  to  make  the  first  application  of 
water  may  be  indicated  (1)  by  the  darkening  of  the  vines  to  a  dark- 
green  color,  (2)  weather  conditions,  (3)  moisture  content  of  the  soil 
near  roots  of  plants. 

At  Corvallis,  Oreg.,  the  apphcation  of  irrigation  water  when  the 
soil-moisture  content  had  dropped  to  the  20  per  cent  point,  resulted 
in  an  increase  in  yield  of  50  bushels  of  potatoes  per  acre.  Watering 
at  a  higher  or  lower  point  decreased  the  yield. 

In  1893  E.  S.  Richman  (14),  of  Utah,  reported  that  the  largest 
yield  of  marketable  potatoes  was  produced  by  irrigating  every  eight 
days,  the  plots  receiving  a  total  of  14  inches  of  water  producing  239 
bushels  per  acre  of  large  and  80  bushels  of  small  potatoes. 

Widtsoe  (17),  of  Utah,  in  1901  reported  that  land  receiving  40  inches 
of  water  in  seven  apphcations  produced  larger  yields  of  marketable 
tubers  than  when  smaller  quantities  were  given  in  fewer  applications. 
Small  yields  were  produced  with  10  inches  of  water  appHed  in  5-inch 
irrigations.  He  further  reported  that  15  inches  of  water  gave  nearly 
as  high  yields  as  did  40  inches  and  recommended  fight  frequent 
irrigation. 

In  1903  Widtsoe  (18)  reported  that  15  inches  of  water  applied  in 
six  irrigations  gave  nearly  two  and  one-half  times  as  many  potatoes 
as  when  appfied  in  two  irrigations;  he  recommended  fight  frequent 
irrigations. 

In  1912  Widtsoe  and  Merrill  (19)  reported  results  obtained  from 
plots  receiving  5,  7.5,  10,  15,  20,  30,  45,  and  60  acre-inches  of  water. 
The  plots  receiving  5  acre-inches  produced  a  total  of  154  bushels 
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per  acre,  whereas  the  largest  yield  of  304  bushels  was  produced  on 
the  plot  receiving  60  acre-inches  of  water. 

In  1917  F.  S.  Harris  (6)  reported  the  results  of  five  years  of  investi- 
gational work  in  which  the  greatest  yield  of  tubers  was  obtained  with 
1  inch  of  water  weekly,  or  a  total  of  12.8  inches  of  irrigation  water 
for  the  season,  the  average  yield  for  this  treatment  being  337.1 
bushels  per  acre  for  the  five  years.  When  73^-inch  weekly  applica- 
tions to  a  total  of  96  inches  were  given,  the  yield  was  less  than  when 
no  irrigation  water  was  applied.  Irrigations  of  5  inches  each  week 
were  applied  at  different  stages  in  the  growth  of  the  plant.  The 
lowest  yield  was  obtained  when  the  land  was  watered  after  planting 
and  before  the  plants  were  up.  The  best  stage  for  a  single  irrigation 
was  when  the  plants  were  in  full  bloom. 

In  1923  Harris  and  Pitman  (7)  also  reported  results  of  a  5-year 
irrigation  experiment.  The  water,  measured  by  means  of  a  Cippoletti 
weir,  was  appUed  by  the  flooding  method  and  retained  on  the  plots 
by  banks  around  the  edges.  One  series  of  five  plots  received  weekly 
applications  of  1,  2,  3,  4,  and  5  inches  of  irrigation  water  each  dur- 
ing the  growing  season,  beginning  when  the  plants  were  6  inches 
high  and  continuing  until  about  a  month  before  harvest.  Another 
series  of  five  plots  was  given  the  same  irrigations  on  alternate  weeks, 
receiving  one-half  the  total  quantity  of  water  of  the  first  series.  The 
other  plots  received  0,  2.5,  5,  7.5,  10,  and  15  inches  of  irrigation  water 
applied  in  various  combinations.  Of  the  plots  receiving  20  inches  of 
irrigation  water,  those  that  had  the  ten  2-inch  irrigations  gave  the 
highest  yield,  254  bushels  per  acre.  Of  the  10-inch  plots,  the  ten 
1-inch  irrigations  gave  the  highest  yield,  248  bushels  per  acre.  Of 
the  plots  receiving  a  total  of  only  5  inches  of  water,  that  with  five 
1-inch  irrigations  gave  the  highest  yield,  190  bushels  per  acre. 

In  1922  Israelsen  and  Winsor  (8)  reported  that  in  the  results  of 
irrigation  studies  conducted  from  1914  to  1919  inclusive,  the  yield 
increased  regularly  but  not  proportionately  as  the  water  increased. 
The  smallest  average  yield — less  than  40  bushels — was  produced 
with  only  the  6-inch  irrigation  before  seeding,  and  the  largest  yield — 
about  105  bushels — with  26  acre-inches. 

B.  P.  Fleming  (4)  oi  Wyoming,  in  1902  reported  that  potatoes 
grown  on  three  adjacent  plots  receiving  5,  7,  and  10  inches  of  water 
from  irrigation  and  rainfall  yielded  19.60,  37.17,  and  51.15  bushels 
per  acre,  respectively,  in  1900,  and  the  following  season  17,  28,  and  48 
inches  produced  respectively  55.53,  65.93,  90.53  bushels  per  acre. 

In  summarizing  the  results  of  4-year  irrigation  studies,  Fleming 
{6)  states  that  in  1900  and  1901  the  plots  that  received  the  largest 
quantities  of  water  produced  the  highest  yields  per  acre,  but  in  1902 
and  1903,  when  the  plots  received  the  smaller  quantities  (between 
12  and  18  inches),  they  produced  larger  yields.  In  1902  and  1903  all 
water  appUed  was  retained  on  the  plots. 

A  study  of  the  experimental  data  upon  the  subject  reveals  the  fact 
that  most  of  the  investigators  have  measured  the  water  used  on  the 
experiment  plots  and  have  made  recommendations  as  to  the  number 
of  inches  required  to  produce  a  crop  on  the  particular  type  of  soil  on 
which  the  experiment  was  conducted.  When  the  great  variation  in 
the  water-holding  capacity  of  soils  is  considered,  also  the  influence  of 
temperature,  the  rainfall,  and  seasonal  conditions,  it  seems  impossible 
that  recommendations  on  the  number  of  inches  of  water  necessary 
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to  produce  a  crop  can  be  made  to  apply  to  the  irrigation  of  potatoes 
in  general,  or  even  for  one  locality.  It  is  also  apparent  that  the 
number  of  irrigations  given  a  crop  must  vary  with  the  locality  and 
with  seasonal  conditions. 

OUTLINE  OF  THE  EXPERIMENTS 

The  irrigation  studies  reported  in  this  bulletin  were  conducted  at 
the  Colorado  Potato  Experiment  Station  ^  located  at  Greeley,  Colo. 

The  precipitation  during  the  growing  season  at  the  station  for  a 
series  of  years  is  shown  in  Table  1. 


Table  1. 

— Precipitation  at  the  Colorado  Potato  Experiment  Station 
months  during  the  growing  season,  1919  to  1926,  inclusive 

,   Greeley,  by 

Month 

Precipitation  in  inches  for  the  year  specified  at  top  of  column 

1919 

1920 

1921 

1922 

1923 

1924 

1925 

1926 

April 

0.56 
.48 
.18 

1.31 
.62 

1.82 

4.43 
1.42 
1.98 

.48 
1.20 
.88 

1.16 
2.26 
3.44 
1.44 
2.28 
.30 

1.65 
1.07 
.18 
.78 
1.04 
.08 

0.85 
1.52 
4.77 
3.12 
2.59 
1.01 

0.54 

2.77 
.21 
.25 

0 

1.86 

■"i."o3' 

2.84 
1.74 
3.44 
.37 

1.09 

May 

.97 

June. 

.70 

July      . 

1.42 

August 

.54 

September..           

.98 

Total 

4.97 

10.39 

10.88 

4.80 

13.86 

5.63 

9.42 

6.70 

The  type  of  soil  on  which  the  irrigation  studies  were  made  was  a 
clay  loam.  All  plots  were  well  drained  with  the  exception  of  those 
devoted  to  the  experiment  in  1925,  when  the  lower  end  of  the  plots  was 
too  level  for  good  drianage.  The  following  4-year  crop  rotation  has 
been  maintained  throughout  this  experiment:  Grain,  alfalfa  two 
years,  and  potatoes.  Light  applications  of  barnyard  manure  were 
made  each  fall,  preceding  the  crowning  of  alfalfa.  The  ground  was 
left  rough  during  the  winter,  and  in  the  early  spring  it  was  plowed 
about  10  inches  deep,  and  a  good  seed  bed  was  prepared.  During  the 
years  1919  to  1924,  inclusive,  the  irrigation  plots  consisted  of  eight 
rows,  each  242  feet  long,  planted  36  inches  apart.  In  1925  and  1926, 
with  the  exception  of  one  plot  irrigated  before  planting,  the  plots  con- 
sisted of  four  rows,  each  484  feet  long,  planted  36  inches  apart.  All 
plots  were  planted  in  duplicate  or  triplicate.  Two  rows  of  potatoes 
were  planted  between  plots  in  order  that  irrigation  water  from  one 
plot  would  not  influence  development  in  adjacent  plots.  Shortly 
after  planting,  all  plots  received  a  deep  cultivation  and  were  harrowed, 
and  subsequent  cultivations  were  made  whenever  soil  conditions 
seemed  to  warrant,  until  the  growth  of  the  vines  interferred  with 
cultivation.  In  1919,  1920,  and  1921  the  plots  were  planted  with 
Peerless  ^  (Pearl)  and  Rural  New  Yorker  No.  2  varieties.  Subse- 
quently all  plots  were  planted  with  Rural  New  Yorker  No.  2,  a  strain 
of  Rural  developed  at  the  station  being  used  in  the  experiment. 

The  color  of  the  potato  foliage  is  an  index  to  the  amount  of  moisture 
in  the  soil  available  to  the  plant.     Plants  supplied  with  the  proper 

2  The  work  of  the  station  has  been  conducted  by  the  United  States  Department  of  Agriculture  in  coopera- 
tion with  Weld  County  through  the  county  commissioners  and  with  the  State  of  Colorado  through  the 
State  .Agricultural  College.  From  1915  to  1924  the  experiment  was  conducted  on  a  40-acre  farm  leased  by 
Weld  county  for  the  potato-investigation  work.  In  1925  an  80-acre  tract  was  purchased*  jointly  by  Weld 
County  and  the  State  of  Colorado,  since  which  time  the  experiment  work  has  been  located  on  the  new  farm. 

3  Peerless  is  the  proper  name  for  the  variety  commercially  known  in  Colorado  as  Pearl. 
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amount  of  moisture  for  good  growing  conditions  have  a  normal  color 
of  foliage  for  the  variety.  As  the  supply  of  moisture  is  diminished 
in  the  soil,  the  foliage  assumes  a  darker  green  color,  and  in  plants 
suffering  for  water  to  a  point  where  the  growth  is  checked,  a  decidedly 
dark  blue-green  color,  whereas  an  oversupply  of  water  in  the  soil  is 
indicated  by  a  light-green  appearance  of  the  foliage.  Occasionally  the 
foliage  of  some  varieties  assumes  a  yellow  appearance. 

Potato  growers  differ  in  their  irrigation  practices,  some  supplying 
moisture  for  a  continuous  plant  growth,  others  withholding  the  water 
until  the  foliage  turns  a  dark  green,  and  other  growers  practicing  late 
irrigation  or  withholding  the  first  application  of  water  until  the  plant 
growth  is  decidedly  checked. 

The  irrigation  studies  here  presented  have  been  conducted  along 
the  following  lines:  (1)  Applying  water  when  the  plants  require  it 
throughout  the  growing  season  to  maintain  a  vigorous  growth;  (2) 
applying  water  when  the  plants  assume  a  dark-green  color;  (3)  with- 
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Figure  1.— Irrigating  experimental  potato  plots 

holding  the  first  application  of  water  until  the  growth  of  the  plants 
is  checked;  (4)  irrigating  up  the  newly  planted  crop  when  conditions 
seem  to  warrant;  (5)  heavy  as  compared  with  light  applications  of 
water. 

The  first  application  of  water  to  the  various  experimental  plots 
was  supplied  according  to  this  outline  of  the  experiment,  but  in  all 
irrigation  the  quantity  of  water  was  governed  by  the  condition  of 
the  soil  at  the  time  of  irrigation.  All  plots  were  irrigated  by  running 
water  on  both  sides  of  the  rows  (figs.  1,  2,  and  3),  careful  examination 
of  the  soil  in  the  row  being  made  during  the  irrigation  and  the  flow  of 
water  stopped  when  the  moisture  had  seeped  through  sufficiently  to 
moisten  the  soil  in  the  row  immediately  under  the  hills.  After  the 
first  irrigation  of  any  of  the  plots  the  soil  was  kept  moist  during  the 
remainder  of  the  season  by  light  frequent  irrigations  until  about  the 
first  week  in  September,  when  irrigation  operations  were  terminated. 
Such  an  arrangement  allowed  about  one  month  to  elapse  between 
the  last  irrigation  and  the  first  heavy  frost,  which  usually  occurs  in 
the  Greeley*  district  about  the  first  week  in  October. 
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Tubers  weighing  from  4  to  10  ounces  were  selected  for  planting. 
The  tubers  were  cut  into  blocky  pieces  weighing  from  1  ^  to  2  ounces, 
after  which  the  seed  was  spread  out  in  a  thm  layer  on  the  dugout 
floor  for  three  or  four  days  until  the  cut  surfaces  were  healed  over. 
The  weight  of  the  seed  pieces  and  the  method  of  handling  the  seed 


Figure  2.— Head  ditch  with  a  canvas  dam 


planted  in  each  plot  were  the  same  throughout  the  experiment  except 
in  1926,  when  whole  seed  weighing  from  2  to  3  oimces  was  planted. 

AYhen  the  variation  in  the  water-holding  capacity  of  the  soil  is 
considered,  also  the  influence  of  temperature,  the  rainfall  (Table  1), 
and  the  seasonal  conditions,  it  seems  impossible  that  recommendations 
on  the  number  of  inches  of  water  necessary  to  produce  a  crop  can  be 
made  to  apply  to  the  irrigation  of  potatoes  in  general  or  even  to  one 

particular  district.  It 
also  seems  apparent 
that  the  number  of 
irrigations  must  vary 
with  the  soil,  the 
locality,  and  wdth 
seasonal  conditions. 
Therefore,  no  attempt 
has  been  made  to 
measure  the  quantity 
of  water  applied  to 
the  different  plots  of 
this  experiment.  It  is 
believed  that  the  ob- 
ject of  irrigation 
should  be  to  supply 
the  soil,  regardless  of 
type,  with  the  degree  of  moisture  needed  to  afford  optimum  growing 
conditions,  thus  enabling  the  plants  to  make  a  continuous  growth.  ^ 

The  method  of  determining  the  quantity  of  water  required  with 
each  irrigation  was  to  test  the  soil  6  or  8  inches  below  the  plants  in 
the  row  by  compressing  it  and  judging  in  that  manner  whether  there 


Figure  3. 


Adjustable  canvas  check  dam  used  in  the  head  ditch  to 
check  the  flow  and  to  raise  the  water  level 
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was  sufficient  moisture  for  proper  plant  growth.  To  afford  proper 
growing  conditions,  soil,  when  compressed  in  the  hand,  should  form 
into  a  ball  and  moisten  the  hand. 

TIME  OF  IRRIGATION  AS  AFFECTING  PRODUCTION 

For  the  sake  of  brevity,  the  application  of  water  as  the  plants  require 
it  to  make  a  vigorous  growth  throughout  the  growing  season  will  be 
termed  ''early  irrigation";  the  appHcation  of  water  when  the  plants 
assume  a  dark-green  color  ''medium-late  irrigation"  or  "check 
plot";  and  the  withholding  of  the  first  apphcation  of  water  until  the 
growth  of  the  plants  is  checked  "late  irrigation."  In  the  irrigation 
studies  here  discussed,  it  was  the  general  practice  to  make  the  first 
apphcation  of  water  to  the  early-irrigated  plots  when  the  plants  were 
5  or  6  inches  high,  or  about  the  time  the  stolon  growth  first  starts. 
In  the  Greeley  district  the  late  crop  of  potatoes  was  generally  planted 
about  the  first  week  in  June,  and  the  first  irrigation  of  the  early- 
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Figure  4.— Seven  years'  average  yields,  in  bushels  per  acre,  resulting  from  early,  medium-late, 
and  late  applications  of  the  first  irrigation  water  on  potatoes  of  the  Rural  New  Yorker  variety 

irrigated  plots  was  given  about  the  second  week  in  July.  The  time 
of  applying  the  first  water  to  the  medium-late  irrigated  plots  varied 
with  the  rainfall  and  other  seasonal  conditions,  but  was  generally 
between  July  20  and  25.  The  late-irrigated  plots  usually  received 
the  first  application  of  water  during  the  first  week  in  August.  As 
previously  stated,  irrigation  w4th  this  phase  of  the  experiment  was 
withheld  until  the  plant  growth  was  checked.  With  a  normal  rain- 
fall these  plots  received  their  first  application  between  August  1  and 
9,  the  time  varying  with  the  seasonal  conditions. 

IRRIGATION  STUDIES  WITH  THE  RURAL  NEW  YORKER  VARIETY 

In  1919  the  early-irrigated  plots  received  the  first  irrigation  July 
19  and  the  medium-late  irrigation  July  25,  whereas  the  late-irrigated 
plots  received  the  first  application  of  water  August  14.  The  early- 
irrigated  plots  produced  39.14  bushels  of  primes  ^  per  acre  more  than 

*  All  the  tubers  passing  over  the  1%-inch  square-mesh  screen  of  the  sorter  were  considered  as  primes: 
those  passing  through  it  were  classed  as  culls.  This  statement  applies  to  all  of  the  experimental  data 
presented. 


IRRIGATING   POTATOES   IN   COLORADO 


9 


the  medium-late  irrigated  plots  and  107.81  bushels  of  primes  more 
than  the  late-irrigated  plots.  The  medium-late  irrigated  plots  pro- 
duced 68.67  bushels  of  primes  more  than  the  late-irrigated  plots. 
(Table  2  and  fig.  4.) 

In  1920  the  early-irrigated  plots  received  the  first  appHcation  of 
water  July  2  and  a  total  of  six  irrigations  for  the  season.  The  medium- 
late  irrigated  plots  received  their  first  irrigation  July  21,  with  a  total 
of  four  irrigations;  the  late-irrigated  plots  received  their  initial 
irrigation  August  6  and  had  but  two  irrigations  for  the  season.  The 
early-irrigated  plots  produced  7.17  bushels  of  primes  more  than  the 
medium-late  irrigated  plots  and  50.44  bushels  more  primes  than  the 
late-irrigated  plots.  An  examination  of  Table  3  reveals  the  fact  that 
the  percentage  of  prime  tubers  also  increases  with  the  early  irrigations. 

Table  2. — Comparison  of  the  relative  yields  of  the  Rural  New  Yorker  No.  2  potato 
variety  from  early ,  medium-late,  and  late  irrigations  at  Greeley,  Colo.,  from  1919  to 
1926,  inclusive 


Year 

Time  of  irrigation 

Number 

of 

hills 

Weight 

Acre  yields 

Primes 

Culls 

Primes 

Culls 

Total 

f^^^rly  (8  rows) 

1,458 
2,004 
1,212 

1,611 
2,426 
1,686 

1,576 
2,354 
1,544 

3,623 

5,189 
3,117 

3,521 
3,884 
3,404 

3,571 
3,569 
3,661 

1,968 
1,960 
2,099 

3,461 

Pounds 

1, 814.  5 

2,252.0 

952.0 

1,970.0 
2,869.0 
1,566.5 

2, 395.  0 
3,223.5 
1,477.5 

5,707.5 
8,  511.  5 
4,409.5 

4,77L0 
4,017.5 
3,308.5 

6.820.0 
6,444.0 
4,659.0 

3,968.5 
3,  591.  5 
3, 171. 0 

6,726.6 

Pounds 

118.0 
196.0 
161.6 

139.5 
187.0 
233.5 

239.5 
404.0 
267.6 

429.0 
659.0 
342.5 

499.0 
664.6 
666.0 

304.6 
374.5 
472.6 

226.0 
268.0 
227.0 

688.0 

Bushels 
226.81 
187. 67 
119.00 

246.26 
239.08 
195.81 

299.38 
268.63 
184.69 

356.72 
354.66 
275.59 

298.19 
251.09 
206.78 

363.76 
340.25 
291.19 

248.03 
224.47 
198.19 

420.41 

Bushels 

14.75 
16.25 
20.19 

17.44 
15.68 
29.19 

29.94 
33.67 
33.44 

26.81 
23.29 
21.41 

31.19 
35.28 
35.38 

19.03 
23.41 
29.53 

14.13 
16.75 
14.19 

36.76 

Bushels 
241  66 

1919 

-TMedinm  late  (12  rows).. 
iLate  (8  rows)-. 

203  92 

139. 19 

I  Early  (8  rows) 

263  69 

1920 

■^Medium  late  (i2  rows).. 
iLate  (8  rows) 

264  66 

225  00 

[Early  (8  rows) 

329  32 

1921 

•^Medium  late  (12  rows).. 
[Late  (8  rows)   

302  30 

218. 13 

[Early  (16  rows) 

383  53 

1922 

■^Medium  late  (24  rows).. 
I  Late  (16  rows) 

377.94 

297  00 

[Early  (16  rows) 

329  38 

1923 

Medium  late  (16  rows).. 

286  37 

242.  16 

[Early  (16  rows) 

382.78 

1924 

Medium  late  (16  rows).. 
Late  (16  rows) 

363  66 

320  72 

1925 

[Early  (16  rows)_ 

< Medium  late  (16  rows).. 
[Late  (16  rows) 

262.16 
241  22 

212.38 

[Early  (16  rows) 

457. 16 

1926 

[Late  (16  rows) 

3,461 

6,254.0 

523.6 

390.88 

32.72 

423  60 

[Early 

Average      acre 
yield,    1919  to 

291.3 
266.5 
210.2 

21.9 
23.6 
26.2 

313.2 

Medium  lat^ 

290.0 

1925-. 

Late  

236.4 

In  1921  the  early,  medium-late,  and  late  irrigated  plots  received 
their  first  irrigations  July  11,  July  19,  and  August  9,  respectively, 
and  correspondingly  the  number  of  irrigations  were  seven,  five,  and 
three  for  the  season.  A  comparison  of  the  1921  data  shows  that  the 
early-irrigated  plots  produced  30.75  bushels  more  primes  per  acre 
than  the  medium-late  irrigated  plots,  and  114.69  more  bushels  than 
the  late-irrigated  plots.  It  will  also  be  noted  that  the  medium-late 
irrigated  plots  produced  83.94  bushels  more  princes  than  the  plots 
receiving  their  first  irrigation  late  in  the  season. 

42815°— 29 2 


10   TECHNICAL  BULLETIN  118,  U.  S.  DEPT.  OF  AGRICULTURE 

The  1922  growing  season  was  very  dry,  there  being  but  1.98  inches 
of  rain  during  the  months  of  June,  July,  August,  and  September. 
In  that  year  the  early-irrigated  plots  received  the  first  application  of 
water  July  6  and  a  total  of  1 1  irrigations  for  the  season.  The  medium- 
late  plots  were  irrigated  first  on  July  12  and  received  10  irrigations, 
whereas  the  late  plots  received  their  first  irrigation  July  26,  and  a 
total  of  8  irrigations  for  the  year. 

It  will  be  noted  that  in  1922  there  was  very  little  difference  in  yield 
between  the  early-irrigated  and  the  medium-late  irrigated  plots, 
doubtless  owing  to  the  fact  that  the  date  of  the  initial  irrigation  of  the 
medium-late  irrigated  plot  was  considerably  advanced  in  that  year. 
The  early-irrigated  plots,  however,  yielded  81.13  bushels  of  primes 
more  than  the  late-irrigated  plots,  whereas  the  medium-late  irrigated 
plots  produced  79.06  bushels  per  acre  more  than  the  late-irrigated 
plots. 

The  1923  irrigation  studies  with  Rural  New  Yorker  again  show  a 
consistent  increase  in  yields  with  the  earlier  dates  of  irrigation.  The 
early-irrigated  plots,  which  received  their  first  irrigation  July  9,  and 
a  total  of  five  irrigations,  produced  47.10  more  bushels  of  primes  per 
acre  than  the  plots  receiving  their  first  irrigation  July  31,  and  three 
irrigations  for  the  season.  The  early -irrigated  plot  yielded  91.41 
bushels  more  than  the  late-irrigated  plot,  which  received  two  irriga- 
tions for  the  season,  the  first  being  on  August  9.  Upon  comparison 
of  the  data  in  Table  2  it  will  also  be  noted  that  the  medium-late  irri- 
gated plots  produced  44.31  bushels  more  m  that  year  than  the  late- 
irrigated  plots.  Table  1  shows  that  there  was  an  unusually  heavy- 
rainfall  in  June,  July,  and  August  of  1923.  The  yield  of  primes  was 
materially  increased  by  the  early  apphcations  of  water. 

On  reviewing  the  1924  data,  it  is  seen  that  the  plots  receiving  the 
early  irrigation  produced  23.50  bushels  more  of  primes  per  acre  than 
the  medium-late  krigated  plots  and  72.56  bushels  more  than  the 
plots  receiving  the  late  irrigation,  whereas  the  medium-late  irrigated 
plots  produced  49.06  bushels  more  than  the  late-irrigated  plots. 

The  dates  of  the  first  irrigation  of  the  early-irrigated,  medium-late 
irrigated,  and  late-u-rigated  plots  in  1924  were  July  14,  July  23,  and 
August  4,  respectively.  Again  in  1924  there  is  a  consistent  increase  iu 
yield  of  primes  with  the  earlier  dates  of  applying  the  first  irrigation 
water. 


Table  3. — Relative  influence  of  time  of  irrigation  on  -percentage  of  prime  tubers  of 
the  Rural  New  Yorker  No.  2  potato  variety  from  1919  to  1925,  inclusive 

Percentage  of  prime  tubers 

i 

Year 

Percentage  of  prime  tubers 

Year 

Early 
irrigation 

Medium 
irrigation 

Late 
irrigation 

Early 
irrigation 

Medium 
irrigation 

Late 
irrigation 

1919 

72.9 
75.2 
67.6 
80.9 
70.8 

69.2 

77.2 
65.6 
76.6 
64.6 

60.9 
66.9 
53.1 
74.1 
61.7 

1924 

79.6 
72.3 

78.0 
78.8 

74.3 

1920 

1925 

69.1 

Average » 

1922. 

76.3 

72.9 

67.2 

1923 

Average  from  actual  data  taken. 


The  1925  data  were  the  result  of  the  first  year's  investigational 
work  on  the  new  farm,  which,  being  in  a  rather  low  state  of  fertility. 
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did  not  produce  yields  comparable  with  those  obtained  in  previous 
years  on  the  old  farm.  Possession  of  the  new  farm  was  not  taken 
until  December,  1924.  Owing  to  the  lack  of  winter  moisture  and 
early-spring  rains,  much  difficulty  was  experienced  in  plowing  the 
ground  and  preparing  the  seed  bed,  which  fact  partially  accoimts  for 
the  low  yields  obtained  in  1925.  However,  the  early-irrigated  plots 
produced  23.56  bushels  per  acre  more  than  the  medium-late  irrigated 
plots  and  49.84  bushels  more  than  the  late-irrigated  plots. 

In  1926  the  medium-late  irrigated  plots  were  not  included  in  the 
tests.  The  early-irrigated  plots  received  the  first  irrigation  July  16 
and  a  total  of  six  irrigations  for  the  season;  the  late-irrigated  plots 
received  their  first  irrigation  August  2  and  a  total  of  five  irrigations  for 
the  season.  It  will  be  noted  that  the  early-irrigated  plots  produced 
but  29.53  bushels  per  acre  more  than  the  late-irrigated  plots,  this 
slight  difference  in  yield  doubtless  being  due  to  the  rainfall  during 
July,  when  1.42  inches  were  recorded. 
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Figure  5.— Three  years'  average  3nelds,  in  bushels  per  acre,  resulting  from  early,  medium-late, 
and  late  applications  of  the  first  irrigation  water  on  potatoes  of  the  Peerless  (Pearl)  variety 

IRRIGATION  STUDIES  WITH  THE  PEERLESS  (PEARL)   VARIETY 

Table  4  gives  a  comparison  of  the  relative  yields  of  Peerless  (Pearl) 
potatoes  from  early,  medium-late,  and  late  irrigations  from  1919  to 
1921,  inclusive.     (Fig.  5.) 

In  1919  the  early-irrigated  plots  received  the  first  application  of 
water  July  19  and  a  total  of  four  irrigations  for  the  season.  The 
medium-late  irrigated  plots  received  their  first  irrigation  July  25  and 
four  irrigations,  whereas  the  late-irrigated  plots  received  but  two  irri- 
gations, the  first  on  August  14.  The  early-irrigated  plots  produced 
51.18  bushels  more  primes  per  acre  than  the  plots  receiving  their 
first  irrigation  six  days  later  and  88.68  bushels  more  per  acre  than  the 
late-irrigated  plots.  The  medium-late  irrigated  plots  produced  37.50 
bushels  more  of  primes  per  acre  than  the  late-irrigated  plots. 

In  1920  the  early-irrigated  plots  of  Peerless  received  their  first 
irrigation  July  2,  the  medium-late  ones  July  21,  and  the  late-irrigated 
plots  August  6.  The  plots  receiviug  the  first  irrigation  July  2  pro- 
duced 27.79  more  bushels  of  primes  per  acre  than  the  plots  receiving 
the  iuitial  irrigation  on  July  21  and  75.75  bushels  more  than  the  plots 
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receiving  their  first  irrigation  August  6.  The  plots  receiving  the 
first  irrigation  medium  late  in  the  season  produced  47.96  bushels  more 
than  the  plots  receiving  the  late  irrigation. 

Table  4. — Comparison  of  the  relative  yields  of  the  Peerless  {Pearl)  potato  variety 
from  early,  medium-late,  and  late  irrigations  at  Greeley,  Colo.,  from  1919  to  1921, 
inclusive 


Year 


Time  of  irrigation 


Number 
of  hills 


Weight 


Primes      Culls 


Acre  yields 


Primes      Culls      Total 


1919. 


1920. 


1921. 


Early  (8  rows) 

Medium  late  (12  rows) 
Late  (8  rows) 

Early  (8  rows) 

Medium  late  (12  rows) 
Late  (8  rows) 

Early  (8  rows) 

Medium  late  (12  rows) 
Late  (8  rows) 


1,406 
1,843 
1,229 

1,606 
2,392 
1,615 

1,562 
2,341 
1,564 


Pounds 
1,  720.  5 
1, 966.  5 

1,  Oil.  0 

2, 026. 0 

2,  705.  5 
1, 420. 0 

2,474.0 
3,229.0 
1,606.0 


Pounds 
451.5 
526.5 
289.5 

226.0 
402.5 
423.0 

293.0 
491.0 
242.6 


Bushels 
215.06 
163.88 
126.38 

253.  25 
225.46 
177.50 

309.25 
269.08 
200.75 


Bushels 
56.44 
43.88 
36.19 

28.25 
33.54 
52.88 

36.63 
40.92 
30.31 


Bushels 
271.50 
207.76 
162.56 

281.50 
259.00 
230.38 

345.88 
310.00 
231.06 


The  1921  irrigation  results  with  Peerless  are  again  similar  to  those  of 
preceding  years.  The  early-irrigated  plots  received  the  first  applica- 
tion of  water  July  11,  and  seven  irrigations  for  the  season.  The 
medium-late  plots  received  the  first  irrigation  July  19  and  five  irri- 
gations for  the  year,  whereas  the  late-irrigated  plots  were  watered 
first  on  August  9  and  received  three  irrigations  for  the  season.  A 
comparison  of  yields  in  Table  4  shows  that  the  early-irrigated  plots 
produced  40.17  bushels  of  primes  per  acre  more  than  the  medium- 
late  irrigated  plots  and  108.50  more  than  the  late-irrigated  plots, 
whereas  the  medium-late  irrigated  plots  produced  68.33  more  bushels 
than  the  plots  receiving  their  first  irrigation  late  in  the  season. 


IRRIGATING  UP 

Owing  to  the  insufficient  snowfall  and  spring  rains  in  some  districts, 
together  with  desiccating  winds  or  continued  hot  weather,  it  becomes 
necessary  in  some  years  to  irrigate  the  land  before  planting,  or  to 
''irrigate  up"  the  newly  planted  crop  to  insure  germination.  The 
term  ''irrigating  up"  refers  to  the  applications  of  water  after  planting 
for  the  particular  purpose  of  supplying  moisture  to  facihtate  germi- 
nation. If  spring  plowing  has  been  delayed,  the  land  may  be  irrigated 
before  the  operation,  to  supply  sufficient  moisture  to  insure  germi- 
nation. (See  fig.  6.)  When  alfalfa  ground  has  been  crowned  in  the 
fall  or  plowed  early  in  the  spring  it  is  not  practicable  to  irrigate  the 
soil  by  the  flooding  method.  Plowed  ground  is  sometimes  furrowed 
or  ditched  and  irrigated  before  planting,  but,  as  a  general  rule,  if  the 
soil  lacks  sufficient  moisture  to  germinate  the  sets,  the  moisture  is 
not  supphed  until  after  planting.  When  seed  of  a  liberal  size  has 
been  used  and  planting  has  been  sufficiently  deep,  sturdy  sprouts 
may  develop  from  the  moisture  in  the  seed  pieces  and  maintain  their 
vigor  for  some  time  even  though  the  soil  is  dry,  but  moisture  must 
be  available  before  root  growth  of  the  sprout  can  develop.  (See 
fig.  7.) 
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The  studies  on  irrigating  up  were  made  in  1919,  1922,  1925,  and 
1926  only.  During  the  other  years  that  the  experiment  was  con- 
ducted there  was  sufficient  moisture  in  the  soil  to  insure  almost 
perfect  germination.  The  method  followed  was  to  supply  sufficient 
moisture  to  the  soil  that  came  in  contact  with  the  seed  piece,  leaving 
the  top  3  or  4  inches  above  the  seed  piece  dry  if  possible,  and  even 
though  the  top  soil  of  the  ridge  actually  became  wet  from  subbing, 
good  results  were  obtained  when  the  soil  was  not  flooded.  At  the 
station,  where  short  rows  were  employed,  it  was  an  easy  matter  to 
supply  sufficient  moisture  at  the  proper  height  in  the  ridge  by  the 
use  of  a  shallow  furrow  and  a  small  head  of  water.  In  1919  and 
1922  the  rows  were  each  242  feet  long,  whereas  in  1925  and  1926  they 
were  484  feet  long.  Although  the  irrigation  water  in  this  experiment 
was  run  between  each  row  (fig.  8),  it  is  realized  that  in  many  in- 


FiGURE  6.— Land  irrigated  before  plowing.     The  high  spot  in  the  field  remained  dry,  resulting 

in  poor  germination 

stances  the  watering  of  every  alternate  row  would  be  sufficient 
(fig.  9),  the  depth  of  the  ditch  and  the  head  of  water  used  depending  on 
the  length  of  row,  the  porosity  of  the  soil,  and  the  slope  of  the  ground. 
Throughout  the  experiment,  cultivation  and  harrowing  of  the  soil 
followed  the  irrigation  as  soon  as  the  condition  of  the  soil  permitted. 
A  narrow  shovel  cultivator  was  employed  to  pulverize  the  soil,  this 
type  being  preferred  to  the  wider  one  frequently  used. 

In  1919,  0.56  of  an  inch  of  rain  fell  during  the  month  of  April. 
During  May  the  precipitation  was  0.48  of  an  inch,  and  for  the  month 
of  June  only  0.18  of  an  inch  was  recorded  at  the  station.  (See  Table  1.) 
The  irrigation-experiment  plots  were  planted  June  3.  The  soil 
became  very  dry  shortly  after  planting,  and  on  June  18  three  plots 
of  Rural  New  Yorker  and  three  of  Peerless  were  irrigated  up.  It  is 
believed  that  much  better  results  would  have  been  obtained  if  these 
plots  could  have  been  irrigated  up  a  week  earlier.     On  June  23  a 
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Figure  7.— The  seed  pieces  in  the  top  row  were  taken  rom  dry  soil;  those  in  the  bottom  row  were 
taken  from  moist  soil.  Note  the  ab.ence  of  roois  on  the  upper  seed  pieces.  All  were  planted  on  the 
same  date 


Figure  b.    x-i:o„Liiig  up  a  iicwly  ijlunicd  lield  ul  potatoes 
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plot  each  of  Rural  New  Yorker  and  Peerless  that  had  not  been  irri- 
gated up  on  the  18th  were  watered.  The  germination  of  one  plot  of 
Rural  New  Yorker  irrigated  up  on  June  18  was  81.50  per  cent;  the 
other  plot  of  Rural  New  Yorker  irrigated  up  on  the  same  date  averaged 
89.3  per  cent.  The  germination  on  one  plot  of  Peerless  was  86.20  per 
cent,  whereas  the  other  plot  of  Peerless  averaged  86.20  per  cent.  The 
plot  of  Rural  New  Yorker  that  was  not  irrigated  up  until  five  days 
later  gave  but  67.10  per  cent  of  a  stand,  while  the  stand  of  the  plot 
of  Peerless  irrigated  up  on  the  latter  date  gave  64.50  per  cent.  The 
yield  of  these  plots  was  governed  by  the  methods  followed  in  later 
irrigations,  but  the  percentage  of  stand  was  influenced  by  the  time  of 
irrigating  up.     (Table  5.) 


Figure  9.— Ditches  made  between  alternate  pairs  of  rows  for  irrigating  up.     With  long  rows  this 
is  a  common  method  of  applying  water,  although  it  is  not  as  desirable  as  that  shown  in  Figure  8 

The  year  1922  was  also  a  dry  one,  the  moisture  being  sufficiently 
low  in  the  soil  soon  after  planting  to  warrant  irrigating  up  a  portion 
of  the  experiment.  Two  8-row  plots  were  irrigated  up  on  June  16. 
On  reviewing  the  data  for  that  year  (Tffble  6)  it  will  be  seen  that 
95.70  per  cent  of  a  stand  was  obtained  on  the  plots  irrigated  up  after 
planting,  whereas  the  two  plots  that  were  not  irrigated  up  produced 
only  84.70  per  cent.  The  yield  obtained  was  in  accordance  with  later 
irrigations,  but  the  germination  was  improved  in  that  year  by  irri- 
gating up  the  crop. 

As  previously  stated,  the  work  of  the  potato-experiment  station 
was  moved  to  a  new  location  during  the  winter  of  1924.  No  crowning 
was  done  in  the  fall  of  that  year,  a  practice  that  had  been  previously 
followed.  At  the  time  the  land  was  being  plowed  in  the  spring  of 
1925,  the  soil  was  deemed  sufficiently  dry  to  afford  an  opportunity 
for  a  comparison  of  results  obtained  from  irrigating  land  before 
plowing  and  irrigating  up  after  planting.  A  2-acre  plot  of  ground 
was  therefore  irrigated  by  the  flooding  method  the  middle  of  May, 
plowed  five  days  later,  fitted,  and  the  plots  planted  May  26. 
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Table  5. — Relative  germination  and  yield  from  -plots  of  Rural  New  Yorker  and  Peer- 
less {Pearl)  varieties  of  potatoes  irrigated  up  on  different  dates  hut  otherwise  given 
the  same  irrigation  and  plots  irrigated  up  hut  given  more  frequent  irrigations,  in 
1919 


Row 
No.i 

Rural  New  Yorker 

Peerless 

Date  of  irrigating  up  and  sub- 
sequent irrigations 

Per- 
centage 
of  ger- 
mina- 
tion 

Acre  yields 

Per- 
centage 

Acre  yields 

Primes 

Culls 

Total 

of  ger- 
mina- 
tion 

Primes 

Culls 

Total 

Irrigated  up  June  18;  subse- 
quent irrigations  Aug.  14  and 
26 

f      1 
I      4 

83.3 
79.9 
80.4 
82.4 

Bushels 
155.5 
156.5 
141 
162 

Bushels 
22 
21 
21 
21 

Bushels 

177.5 
177.5 
162 
183 

87.3 
85.8 
88.2 
83.3 

Bushels 
141.5 
145 
161 
143 

Bushels 
35 
36 
40 
41.5 

Bushels 
176.5 
181 
201 

184.5 

81.5 

153.8 

21.3 

175 

86.2 

147.6 

38.1 

185  8 

11 

Irrigated  up  June  23,  subse- 
quent irrigations  Aug.  14  and 
26 

69.6 
67.2 
64.7 
66.7 

92.5 
72 
96 
76.5 

20 
14 

21.5 
21 

112.5 

86 
117.5 

97.5 

63.2 
64.2 
66.7 
63.7 

93 
104 
111.5 
112 

30 
33 

38.5 
35.5 

123 
137 
150 

147.5 

67.1 

84.3 

19.1 

103.4 

64.5 

105.1 

34.3 

139.4 

I'- 

I      4 

f       1 

2 

1   \ 

Irrigated  up  Jime  18;  subse- 
quent   irrigations    July    19, 
Aug.  1, 14,  and  20._ — 

94.1 
93.1 
92.2 
94.1 

84.3 
86.3 
86.8 
83.8 

237 
254 
250 
240 

206 
211.5 
216 
200 

17.5 
15 

18.5 
17 

12 
15.5 
12 
10.5 

2.54.5 
269 

268.5 
257 

218 
227 
228 
210.5 

87.8 
86.3 
83.3 
88.7 

90.7 
83.3 
83.8 
85.3 

274 
200 
247 
192.5 

202 
194 
205 
206 

71.5 
61 
60 
39 

56 

53.5 
61.5 
49 

345.5 

261 

307 

Do 

231.5 

258 
247.5 

266.5 
255 

89.3 

226.8 

14.8 

241.6 

86.2 

215.1 

56.4 

271.5 

Each  row  was  one-sixtieth  of  an  acre  in  area. 


Table  6. 


-Relative  germination  and  yield  from  plots  of  Rural  New  Yorker  potatoes 
irrigated  up  and  those  not  irrigated  up,  in 


Irrigated  up  June  16 

Not  irrigated  up 

Dates  of  irrigation 

Row 

No.i 

Per- 
centage 
of  ger- 
mina- 
tion 

Acre  yields 

Per- 
centage 
of  ger- 
mina- 
tion 

Acre  yields 

Primes 

Culls 

Total 

Primes 

Culls 

Total 

Plot  1:  July  6,  12,  19,  26;  Aug. 
2,  9,  16,  and  23 

r    1 

2 
3 

4 
5 
6 

7 
I      8 

f      1 
2 
3 
4 
5 
6 
7 

I      8 

97 

97.8 

98.7 

95.7 

95.2 

93.5 

90.9 

94.4 

93.9 

93 

96.1 

98.7 

96.5 

97.4 

97.4 

95.7 

Bushels 
345.5 
363.5 
348 
360 
352 
358 
339 
359.5 

389 

342.5 

336.5 

374 

373 

355 

350 

362 

Bushels 
27 
29 

28.5 
31 
31 
31 

23.5 
23 

25 

28 

29.5 

26 

19.5 

27 

23 

27 

Bushels 
372.5 
392.5 
376.5 
391 
383 
389 
362.5 
382.5 

414 

370.5 

366 

400 

392.5 

382 

373 

389 

88.3 
73.9 
9L3 
89.1 
87.8 
88.3 
89.6 
90 

8L3 

78.3 
83.5 
81.7 
82.6 
83.5 
8L7 
84.4 

Bushels 
274 
261.5 
26L5 
283 
292 
280 
273 
283.5 

277 

287 

269 

282 

284.5 

265 

255.5 

281 

Bushels 
20 
17 

17.5 
30 
24 
35 
24 
19.5 

21.5 

14 

19.5 

18.5 

23 

17 

21 

21 

Bushels 
294 
278.5 
279 
313 
316 

Plot  2:  Aug.  30,  Sept.  7  and  13. 

315 
297 
303 

298.5 

301 

288.5 

300.6 

307.5 

282 

276.5 

302 

95.7 

356.7 

26.8 

383.5 

S4.7 

275.6 

2L4 

297 

1  Each  row  was  one-sixtieth  of  an  acre  in  area. 
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Comparison  of  the  figures  presented  in  Table  7  shows  that  a  95.70 
per  cent  stand  was  obtained  where  the  land  was  irrigated  before 
plowing.  The  plots  that  were  not  irrigated  were  planted  June  2 
and  irrigated  up  June  7.  These  plots  produced  but  60.30  per  cent 
of  a  stand.  The  rows  were  484  feet  long,  the  lower  200  feet  being 
poorly  drained. 

Immediately  following  the  irrigating  up,  or  before  the  work  was 
quite  completed,  0.70  of  an  inch  of  rain  fell  in  a  very  short  period  of 
time.  Water  ran  down  the  rows,  flooding  the  lower  200  feet,  and  it 
was  on  this  poorly  drained  portion  of  the  field  that  the  seed  rotted 
and  a  very  poor  germination  was  obtained.  On  June  12,  0.23  of  an 
inch  of  rain  fell;  on  June  14,  0.16  of  an  inch,  and  on  June  15  1.18 
inches  was  recorded  at  the  station.  These  heavy  rains  and  the  water 
applied  while  irrigating  up,  together  with  the  poor  drainage  conditions, 
puddled  the  soil  and  resulted  in  very  unfavorable  germinating  con- 
ditions. On  the  upper  end  of  the  rows  where  there  was  good  drainage 
a  very  good  stand  was  obtained. 

Table  7. — Relative  germination  and  yield  of  Rural  New  Yorker  potatoes  from  land 
irrigated  before  -plowing  and  that  irrigated  after  planting  in  1926 


Row 
No. 

Irrigated  before  plowing 

Irrigated  after  planting 

Dates  of  irrigation 

Per- 

Estimated  acre  yields 

Per- 
centage 

Estimated  acre  yields 

of  germi- 
nation 

Primes 

Culls 

Total 

ofgermi- 
nation 

Primes 

Culls 

Total 

Plot  1:  July  9  and  16 

f      1 
2 
2 
4 
5 
6 
7 

I      8 

f      1 
2 
3 
4 
5 
6 
7 

I      8 

98 

95.6 

97.1 

92.2 

93.1 

97.1 

97.1 

97.6 

95.6 
97.1 
92.2 
92.2 
97.1 
96.1 
96.6 
96.1 

Bushels 
312.5 
303 
309 
326.5 
288.5 
308 
297 
309.5 

279.5 

290 

304.5 

299 

331 

293.5 

296 

299.5 

Bushels 
19 

23.5 
18.5 
15 
16 

21.5 
21 
22.5 

20 

18.5 

18 

10.5 

22 

18 

19.6 

23 

Bushels 
331.5 
326.5 
327.5 
341.5 
304.5 
329.5 
318 
332 

299.5 

308.5 

322.5 

309.5 

353 

311.5 

315.5 

322.5 

65 

63.7 
64.2 
65.4 

Bushels 
272 
227.3 
229 
234.3 

Bushels 
13.5 
18.3 
15.8 
9 

Bushels 
285.5 
245.6 
244.8 
243.3 



Plot  2:  Aug.  5,  24,  and  31 

51.5 
53.4 
66.4 
63.7 

246 
261.3 
234 
280.5 

11 
16 

10.5 
19 

257 
277.3 
244.5 
299.5 

Average 

95.7 

302.9 

19.2 

322.1 

60.3 

248.1 

14.1 

262.2 

In  1926  the  irrigating-up  experiment  consisted  of  four  plots  of  four 
rows  each,  the  rows  being  484  feet  long.  The  plots  were  planted  with 
whole  seed.  Two  of  the  plots  were  irrigated  up  June  14,  and  two 
were  not  irrigated  up.  One  of  each  of  the  two  plots  received  four 
irrigations  during  the  month  of  August  and  one  on  September  3. 
Except  for  the  fact  that  one  of  these  plots  was  irrigated  up,  they  were 
handled  in  exactly  the  same  manner  during  the  remainder  of  the 
season.  The  germination  on  the  plot  that  was  irrigated  up  was  96.30 
per  cent  and  gave  a  total  yield  of  435.90  bushels  per  acre;  the  plot 
irrigated  on  the  same  dates  but  not  irrigated  up  gave  91.80  per  cent 
of  a  stand  and  411.31  bushels  per  acre  total  yield,  or  24.57  bushels 
less  than  the  plot  that  was  irrigated  up.  The  other  two  plots  of  this 
experiment  received  two  irrigations  in  July,  four  in  August,  with  the 
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last  irrigation  September  3.  One  of  these  plots  was  irrigated  up 
June  14,  and  the  other  was  not  irrigated  up.  The  plot  that  was 
irrigated  up  produced  96.50  per  cent  of  a  stand,  while  that  which  was 
not  gave  a  germination  of  91.60  per  cent.  The  plot  irrigated  up 
produced  446.10  bushels  of  primes  and  36.80  bushels  of  culls  per 
acre,  or  a  total  production  of  482.90  bushels;  the  plot  that  was  not 
irrigated  up  produced  394.70  bushels  of  primes  and  36.70  bushels  of 
culls,  a  total  yield  of  431.40  bushels  per  acre,  or  51.56  bushels  less 
than  the  plot  that  was  irrigated  up  after  planting.     (Table  8.) 

The  germination  of  the  plots  that  were  irrigated  up  was  96.30  per 
cent  for  one  and  96.50  for  the  other.  The  germination  of  the  plots 
that  were  not  irrigated  up  was  91.80  and  91.60  per  cent,  respectively. 
It  is  evident  that  in  1926  there  was  sufficient  moisture  in  the  soil  to 
sprout  a  large  percentage  of  the  seed  planted  without  irrigating  up. 
However,  irrigating  after  planting  improved  the  stand  and  also 
increased  the  yield. 

Table  8. — Relative  germination  and  yield  of  Rural  New  Yorker  potatoes  from  plots 
irrigated  up  and  those  which  were  not  irrigated  up,  in  1926 


Row 
No.i 

Irrigated  up  June  14 

Not  irrigated  up 

Dates  of  irrigation 

Percent- 
age of 
germina- 
tion 

Estimated  acre 

yields 

Percent- 
age of 
germina- 
tion 

Estimated  acre 

yields 

Primes 

Culls 

Total 

Primes 

Culls 

Total 

Plot  1:    Aug.  2,  12,   19,  26; 
Sept  3 

r    1 

2 
3 
4 

97.4 
96.5 
95.7 
95.7 

Bushels 
433.3 
389.5 
438.5 
350.5 

Bushels 
38 
23 
42.8 

28 

Bushels 
471.3 
412.5 
481.3 
378.5 

90.9 
91.7 
92 
92.6 

Bushels 
373.8 
383.5 
398.5 
359.5 

Bushels 
36.5 
32 
28.8 
32.8 

Bushels 
410.3 
415.5 
427.3 

392.3 

Average 

96.3 

402.9 

32.9 

436.9 

91.8 

378.8 

32.5 

411.3 

l! 

Plot  2:  July  30;  Aug.  12,  19, 
26;  Sept.  3 

97.8 
96.1 
95.2 
96.7 

465 
448.3 
466.5 
404.8 

35 
31 

42.3 
39 

500 
479.3 
508.8 
443.8 

92.6 
91.7 
90.9 
91.3 

381 
410 
383.5 
404.3 

38.5 
28 

40.8 
39.5 

419.5 

438 

424.3 

443.8 

Average 

96.5 

446.1 

36.8 

482.9 

91.6 

394.7 

36.7 

431.4 

Each  row  was  one-thirtieth  of  an  acre  in  area. 


LIGHT  COMPARED  WITH  HEAVY  IRRIGATION 

In  studying  the  effect  of  light  and  heavy  applications  of  water  on 
yield,  no  attempt  was  made  to  measure  the  water  applied  with  each 
irrigation  or  the  total  applied  to  each  plot  during  the  growing  season, 
because  the  quantity  of  water  required  to  produce  a  crop  of  potatoes 
in  one  location  could  not  be  given  as  a  standard  for  irrigation,  inas- 
much as  the  amount  will  vary  with  seasonal  conditions  and  with  the 
variation  in  type  of  surface  and  subsoil.  The  plots  receiving  light 
and  heavy  applications  of  water  were  planted,  cultivated,  irrigated, 
and  in  every  way  handled  in  the  same  manner  except  in  the  quantity  of 
water  supplied  with  each  irrigation,  these  being  governed  by  the  con- 
dition of  the  soil  in  the  row.  Where  light  applications  were  made  the 
water  was  allowed  to  run  until  the  soil  in  the  row  under  the  hills 
became  moist;  or  sufficient  water  was  added  at  frequent  intervals  to 
enable  the  plants  to  make  a  continuous  and  vigorous  growth.     The 
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plots  given  heavy  applications  with  each  watering  were  irrigated  until 
the  soil  was  fairly  well  saturated  around  the  tubers  before  the  water 
was  shut  off,  thus  simulating  the  soil-moisture  conditions  produced  by 
the  average  irrigator  with  every  irrigation.  This  water  was  applied 
to  determine  whether  the  additional  water  would  give  an  increase  in 
yield,  and  not  to  what  extent  water  could  be  added  without  having 
an  injurious  effect  on  quality  or  yield.  On  comparing  the  figures 
for  1924,  it  will  be  noted  that  the  average  total  yields  in  bushels  per 
acre  of  plots  on  which  the  light  and  the  heavy  appHcations  of  water 
were  made  are  practically  the  same  (Table  9). 

Table  9. — Relative  yields  of  Rural  New  Yorker  potatoes  from  light  and  heavy  appli- 
cations of  water,  in  1924 


Dates  of  irrigation 


Light  applications 


Number  of 
tubers 


Acre  yields 


Heavy  applications 


Number  of 
tubers 


Acre  yields 


Plot  1:  July  14,  23;  Aug.  4, 
11,  18,  25;  Sept.  1 


Plot  2:  July  14,  23;  Aug.  4, 
11,  18,25;  Sept.  1 


762 


Average. 


224 

225 

224! 

224 

2aA\ 

223       774 

224' 

2241 


224 
223 
224 
220 
218 
224 
225 
221 


645 


Bush. 
360.5 
387 
375.5 
386 
384 
379.5 
384 
384 

350 

336 

350.5 

341 

345.5 

356 

352 

348.5 


Bush. 
14 

17.5 
25 
14 

22.5 
16 
21 
21 

17 

20 

21 

15.5 

26 

13 

21 

20 


Bush 
374.5 
404.5 
400.5 
400 
406.5 
395.5 
405 
405 

367 

356 

371.5 

356.5 

371.5 


S.5 


224 
220 
222 
220 
220 
222 
223 
224 

224 
224 
225 
224 
220 
224 
224 
221 


Bush. 
376 
360 
342.5 
349 
367 
354 
362.5 
377 


708 


351 
155   361.5 
341 
369.5 
361 
363 
363.5 
382 


190; 


232.2   714.8 


183 


363.8 


382.1 


222.1 


Bush. 
16 
27 
19 
26 

21.5 
22.5 
22 
20.5 

20 

14 

22 

13 

27.5 

16. 

21.5 

15.5 


675.8 


211.8   361.3 


20.3 


BxLsh. 
392 
387 
361.5 
375 
388.5 
376.5 
384  5 
397.5 

371 

375.5 

363 

382.5 

388.5 

379.5 

385 

397.5 


381.6 


Each  row  was  one-sixtieth  of  an  acre  in  area. 


Although  possibly  twice  the  quantity  of  water  was  added  to  the 
heavily  irrigated  plots  in  1925,  the  yields  were  again  very  similar, 
the  difference  of  8.50  bushels  per  acre  being  in  favor  of  the  heavy 
irrigations.     (Table  10.) 

It  will  be  noted  that  in  1926  there  was  very  httle  difference  in 
yield  between  the  plots  receiving  the  heavy  irrigation  and  those 
receiving  the  light  apphcations  of  water.     (Table  11.) 

For  the  three  years  the  average  yields  of  the  plots  receiving  the 
fight  and  the  heavy  applications  of  water  are  practicafiy  the  same, 
being  for  the  plots  receiving  fight  applications  of  water  352.64  bushels 
of  primes  and  23.32  bushels  of  culls,  or  a  total  of  375.96  bushels 
per  acre.  The  plots  receiving  the  heavy  application  of  water  with 
each  irrigation  gave  an  average  yield  of  351.67  bushels  of  primes 
and  23.59  bushels  of  culls,  or  a  total  of  375.26  bushels  per  acre.  It 
will  be  noted  that  for  the  3-year  average  there  was  a  difference  in 
total  yield  of  less  than  1  bushel  per  acre  with  the  two  methods  of 
irrigation.     (See  fig.  10.) 
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Table  10. — Relative  yields  of  Rural  New  Yorker  potatoes  from  light  and  heavy  appli- 
cations of  water  in  1925 


Dates  of  irrigation 


Plot  1:   July  15 J    Aug.  3 
and  24 


Plot  2:  Sept.  1. 
Average - 


Light  applications 


265 
260 
262 
267 

210 
218 
226 
260 


246 


Number  of 
tubers 


680 


710 


347 


185 


266 


Acre  yields 


Bush 
272 
227.3 
229 
234.3 

246 
261.3 
234 
280.5 


248.1 


Bush 
13.5 
18. 
15.8 


11 
16 

10.5 
19 


14.1 


Bush. 
285.5 
245.5 
244.8 
243.3 

257 
277.3 
244.5 
299.5 


262.2 


Heavy  applications 


240 

242 
244 
248 

260 

254 
252 
240 


247.5 


Number  of 
tubers 


762 


776 


764 


185 


126 


165.5 


Acre  yields 


211 
237.3 
230.5 
241.3 

279 
276.3 
304 
271 


266.3 


Bush 
13.5 
16 

15.5 
14.5 

13.3 
13.5 
13.3 
15.5 


14.4 


Bush. 
224.5 
253.3 
246 
255.8 

292.3 
289.8 
317.3 
286.5 


27a  7 


Each  row  was  one-thirtieth  of  an  acre  in  area. 
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Figure  10.— Three  years'  average  yields,  in  bushels  per  acre,  from  light  and  heavy  applications 
of  water  on  potatoes  of  the  Rural  New  Yorker  variety 

Table  11. — Relative  yields  of  Rural  New  Yorker  potatoes  from  light  and  heavy  appli- 
cations of  irrigation  water  in  1926 


1 

Light  applications 

Heavy  applications 

Dates  of  irrigation 

o 

1 

Number  of 
tubers 

Acre  yields 

o 

1 

Number  of 
tubers 

Acre  yields 

£ 

i9 

E 

a 

O 

£ 

O 

1 

H 

450 

442 
438 
445 

Bush. 
465 
448.3 
466.5 
404.8 

Bush. 
35 
31 

42.3 
39 

Bush. 
500 
479.3 
508.8 
443  8 

444 
442 
444 
436 

Bush. 
402 
492 
464.6 
391.3 

Bush. 
23.3 
40 
48 
33.3 

Bush. 
425.3 

July  16, 30;  Aug.  12, 19, 26; 
Sept.  3.. 

1,642 

348 

1,866 

824 

532 
512.5 

424.5 

Average 

443.8 

446,2 

36.8 

483 

441.6 

437.5 

36.1 

473.6 
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INTRODUCTION 

One  of  the  questions  most  frequently  asked  regarding  the  storage 
of  potatoes  is  what  temperature  it  is  most  desirable  to  maintain  in  the 
storage  house.  Until  recently  little  scientific  study  of  this  question 
had  been  made.  It  is  true  that  many  growers  and  potato  dealers 
had  very  definite  ideas  relative  to  the  best  temperature,  but  they  were 
not  based  on  careful  experimental  data.  In  order  to  ascertain  some 
of  the  facts  concerning  the  comparative  keeping  qualities  of  potatoes 
when  subjected  to  various  temperatures,  the  Bureau  of  Plant  In- 
dustry, United  States  Department  of  Agriculture,  undertook  a  study 
of  the  subject  during  the  winters  of  1918  to  1924,  inclusive.  The 
original  purpose  of  this  study  was  to  determine  the  proportion  of 
shrinkage  during  a  full  storage  period  and  throughout  two  full  storage 
periods,  or  approximately  18  months.  It  was  also  intended  to  throw 
some  light  on  the  inhibition  of  germination. 

Three  rooms  were  used  in  the  cold-storage  house  at  the  Arlington 
Experiment  Farm,  Rosslyn,  Va.  One  was  held  as  near  32°  F.  as 
possible,  another  at  36°,  and  a  third  at  40°.  It  was  found  that 
dormancy  of  the  tubers  could  be  maintained  indefinitely  at  tempera- 
tures of  36°  or  below,  but  that  at  40°  some  germination  was  almost 
certain  to  occur  if  the  storage  period  was  prolonged  much  beyond 
April  15. 

1  The  writers  wish  to  acknowledge  their  indebtedness  to  the  Marble  Laboratory  (Inc.),  Canton,  Pa., 
for  furnishing  storage  facilities,  as  well  as  the  services  of  Malcolm  E.  Smith  in  taking  temperature  and 
humidity  records  and  making  most  of  the  weighings  of  the  stored  material. 
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LOSSES  IN  WEIGHT  OF  POTATOES  IN  STORAGE 

The  shrinkage  involved  in  storing  potatoes  from  fall  until  the  follow- 
ing spring  is  of  considerable  economic  importance  to  both  the  grower 
and  the  dealer.  This  loss  in  weight  usually  ranges  from  4  to  20  per 
cent  but  under  exceptionally  poor  conditions  may  reach  25  to  30 
per  cent.  As  such  excessive  loss  is  generally  due  to  several  factors, 
such  as  field  frost,  late  blight,  or  other  tuber  rots,  in  many  of  the  data 
relative  to  storage-house  shrinkage  no  attempt  has  been  made  to 
distinguish  moisture  and  carbon  dioxide  losses  from  those  caused  by 
decay  or  by  mechanical  injuries  resulting  from  the  harvesting  and 
storing  of  the  crop. 

PREVIOUS  INVESTIGATIONS 

French  and  German  investigators  have  published  very  interesting 
data  on  the  subject  of  storage  losses.  As  early  as  1865  Nobbe  (7)  ^ 
reported  the  results  of  experimental  studies  concerning  the  loss  of 
water  and  carbon-dioxide  gas  from  potato  tubers  in  storage  between 
December  12  and  June  7.  Unfortunately,  these  studies  were  based 
on  but  two  selected  tubers  under  each  set  of  conditions  tested.  His 
experiment  embodied  eight  separate  combinations  of  three  factors, 
namely,  temperature,  moisture,  and  light,  in  which  comparisons  were 
made  regarding  the  loss  in  weight  of  different  lots  of  tubers  stored 
(1)  in  a  cool,  dry,  lighted  space;  (2)  in  a  cool,  moist,  light  room;  (3) 
in  a  cool,  dry,  dark  room;  and  (4)  in  a  cool,  moist,  dark  place.  Simi- 
lar comparisons  were  made  in  a  warm  room.  The  decrease  in  weight 
was  as  follows : 

Grams 

(1)  Cool  (50°  to  61°  F.),  drv,  light 34.  05 

(2)  Warm  (77°  to  95°  F.),  dry,  light 57.25 

(3)  Cool  (50°  to  61°  F.),  moist,  light 20.  15 

(4)  Warm  (77°  to  95°  F.),  moist,  light 57.  65 

(5)  Cool  (50°  to  61°  F.),  dry,  dark 34.  45 

(6)  Warm  (77°  to  95°  F.),  dry,  dark 63.25 

(7)  Cool  (50°  to  61°  F.),  moist,  dark 13.  35 

(8)  Warm  (77°  to  95°  F.),  moist,  dark 62.  10 

As  might  be  expected,  the  smallest  loss  occurred  in  potatoes  stored 
in  a  cool,  moist,  dark  place,  and  the  heaviest  loss  occurred  in  those 
held  in  a  warm,  dry,  dark  room.  Unfortunately,  Nobbe  neglected 
to  mention  the  original  weight  of  the  tubers  stored  under  each  set  of 
conditions;  it  is  necessary,  therefore,  to  assume  that  the  weight  of 
those  stored  under  each  set  of  storage  conditions  was  identical. 

A  careful  analysis  of  the  temperature,  moisture,  and  light  factors 
involved  in  Nobbe's  experiment  would  seem  to  indicate  that  the  first 
was  the  most  important  of  the  three.  For  example,  if  the  four  sets 
of  data  from  the  cool  and  the  warm  chambers  at  each  temperature 
are  added  together,  the  loss  in  weight  from  the  cool  chambers  totals 
102  grams  as  against  240.25  grams  from  the  warm  chambers.  A 
similar  comparison  of  the  humidity  shows  a  loss  of  153.25  grams 
from  the  moist  chamber  as  compared  with  189  grams  from  the  dry 
one.  As  the  effect  of  light  is  found  to  be  practically  nil,  the  two  sig- 
nificant factors  therefore  are  temperature  and  moisture,  and  in  view 
of  the  fact  that  Nobbe  does  not  indicate  the  degree  of  humidity 
maintained  or  the  vapor  deficit,  it  would  be  unwise  to  assume  that 
temperature  was  more  important  than  moisture.  According  to 
Nobbe 's  figures,  the  ratio  of  gas  to  water  is  1  to  35. 

2  Italic  numbers  in  parentheses  refer  to  "  Literature  cited,"  p.  17. 
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In  the  Agricultural  Calendar  for  1891,  by  Mentzel  and  Lengerke 
{6,  p.  161),  data  relative  to  the  decrease  in  weight  of  100  kilograms  of 
potato  tubers  in  storage  are  given,  but  no  statement  is  made  regard- 
ing the  source.  The  observations  reported  extend  from  the  first  of 
November  to  the  end  of  June,  the  percentage  of  loss  in  weight  being 
given  by  months  as  follows : 

Per  cent 

November 0.  56 

December 2.  56 

January 1.  00 

February 1.  40 

March.: 1.06 

April 1.40 

May 2.00 

June 7.  00 

Totalloss 16.  98 

In  1891  Wollny  {10,  p.  291)  published  the  results  of  studies  made 
on  100  selected  tubers  of  12  varieties  of  potatoes  placed  in  containers 
and  stored  in  a  dry,  deep  cellar  in  which  the  proper  light  and  a  nearly 
constant  temperature  (43°  to  45°  F.)  were  maintained.  Weighings 
were  made  on  the  1st  and  15th  of  each  month.  The  average  loss 
for  the  whole  period  was  6.17  per  cent.  The  losses  from  the  indi- 
vidual varieties  varied  from  4.55  to  8.48  per  cent. 

Denaiffe's  {3)  investigations  included  eight  varieties  on  which  he 
studied  the  decrease  in  weight  from  December  1,  1904,  to  June  1, 
1905.  One  hundred  kilograms  of  each  variety  was  used.  The 
average  loss  from  these  varieties  during  the  6-month  period  was  7 
per  cent,  the  losses  varying  from  5  per  cent  in  Up-to-Date  to  9.5 
per  cent  in  Royal  Kidney.  Taft  and  Hedrick  {9)  report  a  loss  of 
5  per  cent  in  weight  in  a  barrel  of  potatoes  stored  in  a  basement 
cellar  from  September  30  to  March  28,  and  of  6.5  per  cent  from 
March  28  to  May  1,  or  a  total  loss  of  11.5  per  cent. 

Studies  by  Fraser  (4)  on  the  decrease  in  weight  of  Sir  Walter 
Raleigh  and  Carman  No.  3  tubers  stored  in  crates  in  a  cool  cellar 
from  November  6,  1903,  to  April  27,  1904,  showed  a  loss  of  12  per 
cent  in  the  former  and  of  10  per  cent  in  the  latter. 

Studies  by  Butler  {1)  on  the  relation  of  temperature  to  loss  in 
weight  of  Green  Mountain  potatoes  placed  in  storage  November  12 
show  the  percentages  of  loss  stated  in  Table  1  and  corroborate  Nobbe's 
(7)  results  regarding  the  relation  of  temperature  to  loss  of  weight. 

Table  1. — Loss  of  weight  by  Green  Mountain  potatoes  in  storage,  as  recorded  by 

Butler 


Storage  temperature 

Loss  at  stated  intervals 

30  days 

60  days 

90  days 

120  days 

150  days 

39 

op 

Per  cent 
0.68 
1.26 
1.52 

Per  cent 
1.43 
2.53 

2.77 

Per  cent 
1.43 
3.37 
4.01 

Per  cent 
2.29 
4.21 
«.65 

Per  cent 
2  58 

48 

7.18 

60 

11  56 

Butler  also  made  a  comparative  study  of  the  respiration  and 
transpiration  losses  from  two  lots  of  Green  Mountain  potatoes  re- 
moved January  26  from  ordinary  storage  and  subjected  to  a  tern- 
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perature  of  50°  F.,  one  lot  being  exposed  to  free  circulation'  of  air 
and  the  other  being  stored  in  dead  air.  At  the  end  of  90  days  it  was 
found  that  the  lot  exposed  to  free  air  had  decreased  8.96  per  cent  in 
weight,  whereas  the  other  lot  showed  a  decrease  of  only  1.35  per 
cent.  At  the  end  of  119  days  the  percentages  of  loss  were  17.24 
and  2.79,  respectively.  It  was  also  found  that  those  exposed  to 
free  air  germinated  in  43  days,  whereas  those  in  dead  air  remained 
dormant. 

The  effect  of  tuber-wound  injuries  in  relation  to  moisture  loss  in 
storage  reported  by  Butler  {2)  indicates  a  greater  shrinkage  from 
injured  than  from  uninjured  stock.  It  was  further  found  that  a 
longer  period  was  required  to  repair  the  injury  when  the  potatoes 
were  stored  at  from  46.4°  to  50°  F.  than  when  they  were  stored  at 
OS''  lor  a  short  period  and  then  placed  in  the  lower  temperature. 

In  studies  on  the  loss  of  moisture,  conducted  at  the  Marble  Labora- 
tory {8,  p.  33),  Canton,  Pa.,  observations  were  made  on  immature 
Russet  Rurals  from  December  1,  1924,  to  May  1,  1925,  a  term  of 
151  days.  These  studies  involved  the  relation  of  ventilation  or  air 
circulation  to  moisture  and  carbon  dioxide  losses.  Equal  numbers  of 
tubers  of  the  same  weight  were  placed  in  each  of  12  desiccators.  The 
rate  of  air  change  varied  from  one  change  in  24  hours  to  four  changes 
an  hour,  effected  by  an  air-suction  line  connected  with  the  desiccators. 
The  air  passing  through  the  desiccators  was  first  drawn  through  cal- 
cium-chloride tubes  to  remove  the  moisture;  the  air  drawn  from  the 
desiccators  was  also  passed  through  calcium-chloride  tubes,  and  the 
moisture  so  removed  was  determined  by  reweighing  the  tubers.  The 
weight  losses  from  the  tubers  are  given  for  two  periods  of  time, 
December  1,  1924,  to  February  18,  1925,  and  the  total  period  Decem- 
ber 1,  1924,  to  May  1,  1925,  because  the  disturbing  factor  of  germina- 
tion, with  its  accompanying  chemical  and  physiological  activities, 
began  about  February  18. 

These  data,  as  presented  in  Table  2,  indicate  that  loss  in  weight  up 
to  the  time  of  germination  was  proportional  to  the  number  of  air 
changes.  It  is  apparent,  therefore,  that  excessive  ventilation  is 
undesirable  from  the  standpoint  of  maintenance  of  weight. 

Table  2. — Transpiration  and  respiration  losses  from  4  kilograms  of  potatoes  under 
varying  degrees  of  aeration  at  the  Marble  Laboratory  from  December  1,  1924,  to 
May  1,  1925 


Loss  in  weight  from— 

Frequency  of  air  change 

Dec.  30, 1924,  to 
Feb.  18,  1925 

Dec.  1,  1924,  to 
May  1,  1925 

Once  in  24  hours                                 . 

Orams 

32.07 

50.97 

88.47 

124.96 

157.  55 

197.  84 

229.73 

Per  cent 
0.80 
1.27 
2.21 
3.12 
3.94 
4.95 
5.74 

Grams 
65.  76 
122.  70 
197.  02 
366.  30 
486.90 
562.  23 
631.  46 

Per  cent 
1.64 

Once  in  12  hours .- 

3.07 

4.92 

Once  an  hour                                                          

9.  16 

Twice  an  hour 

12.17 

Three  times  an  hour             . 

14.05 

Four  times  an  hour     .                                                          

15.79 

In  potato-respiration  studies  by  Kimbrough  {5)  it  was  observed  that 
the  rate  of  respiration  was  high  immediately  after  digging,  but  that 
when  equilibrium  was  reached  it  remained  constant  throughout  a 
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storage  period  of  100  days.  The  removal  of  potatoes  from  a  low  to  a 
high  temperature  resulted  in  an  immediate  acceleration  of  respira- 
tion much  beyond  that  in  tubers  continuously  stored  at  the  higher 
temperature. 

DEPARTMENT   OF   AGRICULTURE  STUDIES 

In  1920  preliminary  storage  studies  were  undertaken  by  the  Office 
of  Horticulture,  Bureau  of  Plant  Industry,  for  the  purpose  of  deter- 
mining the  relative  losses  from  potatoes  stored  in  a  modern  cold- 
storage  plant  at  32°,  36°,  and  40°  F.,  respectively,  and  the  effect  of 
these  temperatures  on  the  vigor  of  the  seed  stock.  The  Irish  Cobbler 
and  Gold  Coin  varieties  were  selected  for  study,  and  the  tubers 
were  stored  in  barrels.  Some  of  the  barrels  put  into  storage  in  the 
fall  of  1920  were  held  through  two  storage  periods.  The  data  sub- 
mitted in  Table  3  represent  the  losses  due  to  transpiration  and  respira- 
tion, together  with  those  occasioned  by  germination  and  decay. 

Table  3. — Losses  in  iceight  and  percentage  of  decay  of  Gold  Coin  and  Irish  Cobbler 
tubers  held  in  storage  at  Arlington  Experiment  Farm  from  November  26,  1920, 
to  April  20,  1922 


Variety 

Storage 
tempera- 
ture 

Weight  of  tubers 
on— 

Loss  in 
weight 

Tubers 
remain- 
ing sound 

Tubers 

Nov.  26, 
1920 

Apr.  20, 
1922 

decayed 

Gold  Coin  . 

°  F. 
32 
36 
40 

32 
40 

Pounds 
\ll.b 
181.0 
153.5 

181.0 
180.25 

Pounds 
151.  75 
153.5 
139.0 

157.5 
157.  25 

Per  cent 
14.5 
15.2 
9.4 

13.0 
12.8 

Per  cent 
11.5 
51.5 
96.8 

27.6 
95.9 

Per  cent 

88.5 

Irish  Cobbler- 

48.5 
3.2 

72.4 

4.1 

It  will  be  observed  that  the  period  of  storage  extended  from 
November  26,  1920,  to  April  20,  1922,  or  510  days.  A  barrel  of  Gold 
Coin  was  held  in  each  of  the  three  storage  rooms  throughout  the  whole 
period,  while  the  Irish  Cobbler  was  carried  only  in  the  32°  and  40° 
F.  rooms.  The  weight  losses  from  the  Gold  Coin  stock  were  slightly 
greater  in  the  36°  F.  room  than  in  32°,  and  both  were  considerably  in 
excess  of  that  at  40°.  The  most  interesting  feature  of  the  data  was 
the  condition  of  the  stock  when  removed  from  storage  as  judged  by 
the  percentage  by  weight  of  sound  and  decayed  tubers.  For  example, 
Gold  Coin  stock  held  at  32°  showed  only  11.5  per  cent  (fig.  1)  sound 
tubers,  whereas  that  held  at  36°  showed  51.5  per  cent  (fig.  2)  and 
that  at  40°,  96  per  cent  (fig.  3).  Very  similar  results  were  obtained 
with  Irish  Cobbler,  in  which  the  percentage  of  sound  tubers  at  32° 
was  27.6  and  at  40°,  95.9  per  cent.     (Figs.  4  and  5.) 

The  decay  of  the  tubers  is  not  assimied  to  be  primarily  attributable 
to  fungous  or  bacterial  infection  but  rather  to  a  general  breaking  down 
of  cell  tissue  as  a  result  of  the  death  of  their  protoplasmic  contents. 
It  is  probably  true  that  when  such  breaking  down  occurred  one  or 
more  of  the  bacterial  soft-rot  organisms  invaded  the  tissue  and  com- 
pleted the  decomposition  of  the  tuber. 

In  1921,  3  barrels  of  the  Irish  Cobbler  variety  and  2  of  the  Green 
Mountain  were  stored  at  each  of  the  three  temperatures.     The  mate- 
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FiouRE  1.— Gold  Coin  potatoes  stored  at  32°  F.,  November  26, 1920.  Photographed  April  20, 1922. 
Net  weight  of  tubers  when  stored,  177.5  pounds;  net  weight  when  removed,  151.75  pounds;  weight 
loss,  14.5  per  cent.    A,  Sound  tubers,  17.5  pounds;  B,  decayed  tubers,  134.25  pounds 


Figure  2.— Gold  Coin  potatoes  stored  at  36°  F.,  November  26,  1920.  Photographed  April  20,  1922. 
Net  weight  of  tubers  when  stored,  181  pounds;  net  weight  when  removed,  153.5  pounds;  weight 
loss,  15.2  per  cent.    A,  Sound  tubers,  79  pounds;  B,  decayed  tubers,  74.5  pounds 


Figure  3.— Gold  Coin  potatoes  stored  at  40°  F.,  November  26,  1920.  Photographed  April  20, 1922. 
Net  weight  of  tubers  when  stored,  153.5  pounds;  net  weight  when  removed,  139  pounds;  weight 
loss,  9.4  per  cent.    A,  Sound  tubers,  134.5  pounds;  B,  decayed  tubers,  4.5  pounds 


Figure  4.— Irish  Cobbler  potatoes  stored  at  32°  F.,  November  26, 1920.  Photographed  April  20, 1922. 
Net  weight  of  tubers  when  stored,  181  pounds;  net  weight  when  removed,  167.5  pounds;  weight 
loss,  13  per  cent.    A,  Sound  tubers,  43.5  pounds;  B,  decayed  tubers,  114  pounds 
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rial  was  stored  October  24,  and  w^eighings  were  taken  January  3,  Feb- 
ruary 20,  and  April  3,  1922.  Owing  to  other  demands  for  the  seed 
stock,  the  last  weighing,  April  3,  included  only  1  barrel  of  each,  except 
in  the  case  of  Irish  Cobbler  at  36°  F.,  2  barrels  of  which  were  still 
intact. 


Figure  5.— Irish  Cobbler  potatoes  stored  at  40°  F.,  November  26, 1920.  Photographed  April  20, 1922. 
Net  weight  when  stored,  180.25  pounds;  net  weight  when  removed,  167.25  pounds;  weight  loss,  12.8 
per  cent.    A,  Sound  tubers,  150.75  pounds;  B,  decayed  tubers,  6.5  pounds 

Table  4  gives  the  percentage  of  weight  lost  from  the  individual 
barrels  and  the  average  loss  of  the  3  barrels  of  Irish  Cobbler  and  2 
of  Green  Mountain  up  to  February  20.  These  data  show  that  losses 
in  weight  were  consistently  lower  in  both  varieties  at  36°  than  at  32° 
or  40°  F.  No  satisfactory  explanation  can  be  offered  for  these 
differences. 

Table  4. — Losses  in  weight  of  Irish  Cobbler  and  Green  Mountain  tubers  at  Arlington 
Experiment  Farm,  October  24,  1921,  to  April  3,  1922 


Variety  and  storage  temperature 

Net 
weight 
when 
stored 

Weight 

Jan.  3, 

1922 

Loss  in 
weight 

Weight 

Feb.  20, 

1922 

Loss  in 
weight 

Weight 

Apr.  3, 

1922 

Loss  in 
weight 

Irish  Cobbler: 

32°  F First  barrel     . 

Pounds 
178 
175.5 
180.5 

Pounds 
175 
171.5 
177 

Per  cent 
1.68 
2.28 
1.94 

Pounds 
173.4 
170.3 
175.0 

Per  cent 
2.58 
2.96 
3.04 

Pounds 

Per  cent 

Second  barrel 

169.0 

3.70 

Third  barrel.. 

Average  loss 

1.97 

2.86  1 

3  70 

36°  F First  barrel... 

177 

172.5 

181 

176 
170 
179.3 

.57 
1.45 
.94 

175.0 
169.3 
179.2 

1.13 
1.85 
.99 

174.8 
169.3 

1  24 

Second  barrel 

1  86 

Third  barrel 

Average  loss 

.99 

1.32 

1.55 



40°  F First  barrel.. 

174.5 

173 

181.5 

171 
170.3 

177.8 

2.01 
1.56 
2.03 

171 

169.3 

176.4 

2.01 
2.14 
2.81 

Second  barrel 

Third  barrel. 

175.  3 

3  42 

Average  loss 

1.87 

2.32 

3.42 

Green  Mountain: 

32°  F First  barrel-- 

172 

174 

166.5 
168 

3.20 
3.44 

165.8 
167 

3.60 
4.02 

Second  barrel 

165.6 

4.83 

Average  loss  . 

3  32 

3.81 

1        4  83 

36°  F First  barrel - 

168.5 
174.5 

166.5 
173 

1.19 
.86 

166.3  1       1-31 

Second  barrel 

172.7 

1.03 

171   a 

1  83 

Average  loss— 

1.03 

1.17    

1  83 

40°  F First  barrel 

175 
176.5 

171.3 
173.0 

2.11 
1.98 

167.3 
171.0 

4.40 
3.11 

Second  barrel 

169.8 

3  79 

Average  loss _ 

2.05 

3.76 

3  79 
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A  comparison  of  weight  losses  of  potatoes  stored  at  32°  and  40°  F. 
showed  less  difference  in  the  case  of  the  Irish  Cobbler  than  in  that  of 
the  Green  Mountain,  in  each  instance  the  loss  being  greater  at  32° 
than  at  40°.  The  percentage  of  weight  loss  from  October  24,  1921, 
to  April  3,  1922,  in  the  32°,  36°,  and  40°  storage  rooms  was  3.70, 
1.55,  and  3.42,  respectively,  for  the  Irish  Cobbler,  and  4.83,  1.83,  and 
3.79  for  the  Green  Mountain. 

In  1924  a  comparative  test  was  made  of  the  relative  seasonal  weight 
loss  of  potatoes  stored  in  different  types  of  storage  houses  and  in 
special  fiber  boxes  instead  of  barrels.  One  lot  each  of  Irish  Cobbler, 
Triumph,  Green  Mountain,  and  Russet  Rural  was  stored  in  the 
Aroostook  Farm  potato-storage  house  at  Presque  Isle,  Me. ;  the  second 
lot  was  stored  at  the  Marble  Laboratory,  Canton,  Pa.,  and  in  the  40° 
F.  room  in  the  cold-storage  plant  at  the  Arlington  Experiment  Farm, 
Rosslyn,  Va.  The  bank-cellar  storage  house  of  the  Marble  Labora- 
tory was  kept  at  as  near  40°  as  possible,  whereas  the  temperature  of 
the  Aroostook  Farm  potato-storage  house  varied  between  34°  and 
45°  F.  Comparisons  of  data  are  therefore  only  possible  between  the 
varieties  used.  The  results,  as  submitted  in  Table  5,  clearly  show  a 
smaller  percentage  of  weight  loss  in  all  four  varieties  in  the  Aroostook 
Farm  storage  house. 

Table  5. — Losses  of  weight  in  potatoes  stored  at  Presque  Isle,  Me.,  Canton,  Pa.,  and 

Rosslyn,  Va.,  1924-25 


Variety  and  locality  where  stored 


Irish  Cobbler: 

Presque  Isle,  Me. 

Canton,  Pa 

Rosslyn,  Va 


Triumph: 

Presque  Isle,  Me. 

Canton,  Pa 

Rosslyn,  Va 


Green  Mountain: 
Presque  Isle,  Me. 

Canton,  Pa 

Rosslyn,  Va 


Russet  Rural: 

Presque  Isle,  Me. 

Canton,  Pa 

Rosslyn,  Va 


Average,  four  varieties: 
Presque  Isle,  Me... 

Canton,  Pa 

Rosslyn,  Va 


Weight 

Oct.  4, 

1924 


Pounds 
214.5 
210.0 
209.0 


199.5 
202.  5 
199.  5 


214.0 
214.0 
214.0 


206.0 
205.5 
207.0 


Weight 

Apr.  3, 

1925 


Pounds 
205. 8 
198.2 
194.4 


194.  8 
186.2 
182.4 


202.8 
197. 1 
197.5 


197.0 
183.6 
184.9 


WeiG:ht 

loss 


Per  cent 
4.06 
5.62 
6.99 


2.36 
8.05 
8.57 


5.23 
7.90 
7.71 


4.37 
10.66 
10.68 


4.01 
8.07 
8.49 


6.33 


5.95 


8.59 


The  average  loss  in  the  three  storage  places  of  the  Irish  Cobbler 
was  the  lowest,  with  Triumph,  Green  Mountain,  and  Russet  Rural 
following  in  the  order  named.  The  largest  individual  deviations 
occurred  in  the  case  of  the  Triumph  and  Russet  Rural  stored  at 
Presque  Isle,  Me.,  in  which  the  former  showed  a  weight  loss  of  2.36  per 
cent  as  compared  with  8.05  at  Canton,  Pa.,  and  8.57  at  Rosslyn,  Va., 
whereas  in  the  Russet  Rural  the  percentage  losses  were  4.37,  10.66, 
and  10.68,  respectively.     The  discrepancy  in  these  two  instances  in 
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the  Maine  data  would  seem  to  be  in  excess  of  normal,  but  no  satis- 
factory explanation  can  be  offered. 

In  summing  up  the  average  weight  losses  of  all  four  varieties  under 
each  set  of  storage  conditions,  the  results  show  that  the  percentage  of 
loss  in  the  Aroostook  Farm  potato  storage  was  only  half  that  at  the 
Marble  Laboratory  and  at  the  Arlington  Experiment  Farm,  the 
figures  being  4.03,  8.07,  and  8.49  per  cent,  respectively.  Although 
the  primary  object  of  this  test  was  to  obtain  data  on  the  percentage 
of  weight  loss,  it  was  thought  desirable  to  obtain  yield  records  from 
the  seed  so  stored.  The  significance  of  the  data,  which  are  presented 
in  Table  6,  lies  in  the  fact  that  the  stock  stored  at  the  Marble  Labora- 


tS    20  27    3     lO    17    24    3     lO    17    24  31     7     14    21    28    S 
rCBR.   '  Af/4/90H  ^f*filL  AUK 


^21    28    4     n     18    2S    2^    9     16  23  30    6 

Oct         Aioy.  occ.  U^m.  .  ..      _ 

Figure  6.— Comparative  yield  of  seed  potatoes  under  various  conditions  of  storage 


tory  gave  consistently  higher  yields  than  that  stored  in  the  other  two- 
storage  houses.  This  is  perhaps  best  emphasized  by  Figure  6,  which 
graphically  expresses  the  differences  in  yields. 

In  the  1925-26  studies  of  weight  loss  an  attempt  was  made  to  get 
the  approximate  percentage  of  loss  from  the  time  of  harvesting  the 
tubers.  The  four  varieties  as  used  in  the  1924-25  studies  were  selected 
as  soon  after  digging  as  possible,  care  being  taken  to  obtain  sound  and 
uninjured  tubers.  These  were  packed  in  the  fiber  bushel  boxes  and^ 
immediately  weighed. 

These  studies  were  conducted  at  the  Marble  Laboratory  under 
three  types  of  storage  conditions.  The  first,  referred  to  in  Table  T 
as  A,  was  an  above  ground  storage  house  especially  constructed  for 

41155—29 2 
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Table  6. — Comparative  average  yield  of  Irish  Cobbler,  Triumph,  Green  Mountain, 
and  Russet  Rural  seed  potatoes  grown  at  Aroostook  Farm,  Presque  Isle,  Me.,  and 
stored  in  fiber  boxes  at  the  Arlington  Experiment  Farm,  Rosslyn,  Va.;  Marble 
Laboratory,  Canton,  Pa.;  and  Aroostook  Farm,  seasons  of  1924  and  1925 


Variety  and  locality  in  which  seed  potatoes 

Row  I 
planted 

Average  yield  per  row  i 

Average  yield  per  acre 

were  stored 

Primes 

Culls 

Total 

Primes 

Culls 

Total 

Irish  Cobbler: 

Arlington  Experiment  Farm    .  .. 

Number 
10 

7 
i     10 

10 

7 
10 

10 
10 
10 

8 
9 
9 

Pounds 
146.0 
172.7 
152.7 

148.1 
157. 4 
138.4 

160.6 
167.8 
156.3 

147.1 
167.9 
164.3 

150.5 
166.5 
152.9 

Pounds 
18.7 
19.9 
14.7 

10.8 
10.4 

5.7 

12.4 
9.9 
11.5 

16.6 
12.9 
8.3 

14.6 
13.2 
iU.l 

Pounds 
164.7 
192.6 
167.4 

158.9 
167.8 
144.1 

173.0 
177.7 
167.8 

163.7 
180.8 
172.6 

165.1 
179.7 
163.0 

Bushels 
243.3 

287.8 
254.5 

246.8 
262.3 
230.7 

267.7 
279.7 
260.5 

245.2 
279.8 
273.8 

250.8 
277.4 
254.9 

Bushels 
31.2 
33.1 
24.5 

18.0 
17.3 
9.5 

20.7 
16.5 
19.2 

27.7 
2L5 
13.8 

24.4 
22.1 
16.7 

Bushels 
274.5 

Marble  Laboratory 

321.0 

Aroostook  Farm.. 

279.0 

Triumph: 

Arlington  Experiment  Farm 

264.8 

Marble  Laboratory.  ... 

279.  6 

Aroostook  Farm.. 

240.2 

Green  Mountain: 

Arlington  Experiment  Farm 

288.4 

Marble  Laboratory 

296.2 

Aroostook  Farm 

279.7 

Russet  Rural: 

Arlington  Experiment  Farm 

272.9 

Marble  Laboratory 

301.3 

Aroostook  Farm. .. ... 

287.6 

Average  of  four  varieties: 

275.2 

Marble  Laboratory 

299.5 

Aroostook  Farm 

271.6 

Each  row=0.01  acre. 


Table  7. — Losses  of  weight  of  potatoes  held  under  different  storage  conditions  at  the 
Marble  Laboratory,  Canton,  Pa.,  1925-26 

[A=Aboveground  storage,  B=insulated  room,  C=bank-cellar  storage] 


Variety  and  type  of  storage 


Irish  Cobbler: 

^      A 

B 

C 

Triumph: 

A 

B 

C 

Green  Mountain: 

b""""";I'""""' 

C 

Russet  Rural: 

A 

B 

Average  of  4  varieties: 

A 

B 

C 


^O 


Lbs. 
163.9 
212.9 
159.  4 


155.9 
155.1 
154.6 


222.2 
219.2 
219.2 


217.4 
161.9 
162.9 


187.3 
174.0 


Net  weight  and  loss  at  different  dates  during  storage  period 


Oct.  24, 
1925 


Lbs. 
162.5 
211.5 
158.4 


154.2 
153.8 
153.2 


So 


P.ct 
0.85 
.66 
.63 


220.2  .90 
217.61  .73 
217.  4       .  82 


21.5. 1 
160.5 
161.4 


188.0 
185.9 
172.6 


L06 
.86 
.92 


1.00 
.75 
.80 


Dec.  21, 
1925 


Lbs. 


208.6 
155.8 


152.  2 
150.6 
150.2 


216.8 
213.4 
213.1 


P.ct 
L8 
2.02 
2.26 


2.37 
2.90 
2.85 


2.43 
2.65 
2.78 


211.2  2.85 
156.  6  3.  28 
156.9     3, 


185.^  2.42 
182.  3  2.  67 
169. 01     2.  87 


Jan.  28, 
1926 


Mar.  4, 
1926 


Lbs. 
160.6 
207.6 
155.0 


P.ct. 
2.01 
2.49 
2.76 


152.0  2.50 
149.71  3.48 
149.  5i     3.  30 


216.  5  2.  56 
212. 0[  3.28 
212.  li     3.24 


210.5 
155.4 
155.8 


184.9 
181.2 
168.1 


3.1 

4.01 

4.36 


2.63 
3.26 
3.39 


Lbs 
1Q0.6 
207.0 
154.6 


15L8 
149.3 
149.0 


P.ct. 
2.01 
2.77 
3.01 


2.63 
3.74 
3.62 


216. 3  2. 
211.3  3. 
211.3     3. 


210.2 
154. 6 
155.0 


184.7 
180.6 
167.5 


3.31 
4.51 
4.85 


2.74 
3.58 
3.74 


May  3, 
1926 


Lbs. 
159.9 
204.4 
153.5 


151.3 
147.2 
147.8 


215.6 

207. 

209. 


208.8 
151.3 
153.3 


183.9 
177.7 
166.1 


P.ct 
2.44 
3 
3.70 


2.95 
5.09 
4.40; 


2.97 
5.20 
4.33 


6.55 
5.89 


3.16 
5.13 
4.54 


P.ct. 
\  3.38 


4.15 


4.17 


5.47 
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apple  storage;  the  second  type,  designated  as  B,  was  a  cork-insulated 
room  on  the  second  floor  above  the  bank-cellar  room,  called  C.  Four 
1-bushel  boxes  of  each  variety  were  stored  in  each  type  of  room, 
making  a  total  of  16  boxes  in  each  room.  Weights  were  taken  October 
24  and  December  21,  1925,  and  January  28,  March  4,  and  May  3, 
1926.  The  percentage  of  weight  loss  occurring  between  October  1 
to  4,  when  the  potatoes  were  harvested  and  put  up,  and  October  24  is 
supposed  to  represent  the  initial  transpiration  and  respiration  losses 
occurring  during  transit.  As  will  be  noted,  these  losses  are  relatively 
small,  varying  from  0.63  to  1.09  per  cent.  The  data  indicate  that 
some  varieties  lose  more  weight  in  storage  than  others.  It  also  sug- 
gests that  the  shrinkage  due  to  respiration  and  transpiration  is  directly 
correlated  with  the  ripeness  of  the  tubers  when  harvested.  Russet 
Rural  tubers,  being  the  least  mature,  show  the  greatest  loss  in  weight. 
Another  interesting  point  brought  out  in  the  data  is  that  the  tubers 
stored  in  the  aboveground  storage  house  (A)  showed  consistently 
lower  weight  loss.     It  is  also  apparent  that  up  to  March  4,  at  least. 
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FiGUBE  7. — Relative  humidity  and  temperature  variations  in  three  types  of  potato  storage  at  the 
Marble  Laboratory,  Canton,  Pa..  1925-26 


there  was  only  a  slight  difference  in  the  percentage  of  loss  from  tubers 
stored  in  B  and  C  storage  rooms.  The  reason  for  the  greater  weight 
shrinkage  especially  in  the  insulated  room  is  at  once  apparent  from  a 
study  of  Figure  7,  which  shows  that  the  percentage  of  air  saturation 
(humidity)  in  A  was  much  higher  than  in  B  and  C,  and  also  that 
the  temperature  with  but  two  exceptions  was  consistently  lower  in  A 
than  in  B  and  C  from  about  November  28  to  May  5.  It  is  therefore 
apparent  that  conditions  in  storage  A  were  more  favorable  to  the 
slowing  up  of  respiration  and  transpiration  losses  than  in  rooms 
B  and  C. 

The  B  storage  room  had  a  lower  humidity  and  a  higher  temperature, 
whereas  in  the  A  house  the  temperature  was  lower  and  the  humidity 
relatively  higher.  Ordinarily  it  might  be  assumed  that  the  shrink- 
age of  potatoes  stored  in  the  bank-cellar  storage  room  (C)  would  be 
less  than  that  of  potatoes  in  the  aboveground  storage  house  (A). 
The  explanation  fov  this  occurrence  is  that  when  severe  cold  weather 
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set  in  it  was  necessary  to  close  all  ventilators  in  A  to  prevent  frost 
injury,  with  the  result  that  the  air  became  more  or  less  completely 
saturated  with  moisture  given  off  by  the  potatoes  and  apples  stored 
therein.     The  temperature  also  dropped  lower  during  this  period. 

Further  explanation  of  the  difference  in  the  behavior  of  potatoes 
Stored  under  A  and  C  conditions  may  be  found  in  the  fact  that  in  the 
storage  cellar  the  wall  opposite  the  bank  adjoined  a  heated  room,  and 
it  was  necessary  to  introduce  a  larger  volume  of  outside  cold  air  into 
the  storage  room  than  would  otherwise  have  been  the  case,  and 
consequently  transpiration  losses  increased. 

INFLUENCE    OF    STORAGE    TEMPERATURES    ON    VITALITY 
OF    POTATOES 

In  order  to  determine  the  effect  of  different  storage  temperatures 
on  the  vitality  of  seed  potatoes,  field  studies  were  conducted  at  the 
Virginia  Truck  Experiment  Station,  Norfolk,  Va.;  Arlington  Experi- 
ment Farm,  Rosslyn,  Va.;  and  Aroostook  Farm,  Presque  Isle,  Me. 
The  results  obtained  at  each  of  the  three  points,  although  not  always 
in  accord,  are  nevertheless  of  interest. 

VIRGINIA  TRUCK  EXPERIMENT  STATION 

The  experimental  studies  at  the  Virginia  Truck  Experiment 
Station,^  Norfolk,  Va.,  were  conducted  during  1920,  1921,  and  1922 
with  the  Irish  Cobbler  variety.  The  planting  dates  for  the  three 
years  were  March  18,  March  2,  and  March  17;  the  harvesting  dates 
were  July  8-9,  July  21-22,  and  July  10-11,  respectively.  The  yield 
data  as  presented  in  Table  8  indicate  an  increase  of  primes  from  the 
seed  stored  at  36°  F.  in  1920  and  1921  over  the  number  of  primes 
from  seed  stored  at  32°.  The  yield  of  primes  from  the  seed  stored 
at  40°  was  less  in  1920  and  1922  than  from  the  seed  stored  at  32°. 

Table  8. — Comparative  influence  of  different  storage  temperatures  on  the  yield  of 
Irish  Cobbler  potatoes  grown  at  the  Virginia  Truck  Experiment  Station,  Norfolk, 
Va.,  1920-1922 


Year 

Storage 
temper- 
ature 

Rows  1 
planted 

Average  yield  per  row  i 

Average  yield  per  acre 

Primes 

Culls 

Total 

Primes 

Culls 

Total 

1920 

°  F. 
32 
36 
40 
32 
36 
40 
32 
36 
40 
32 
36 
40 

Number 
10 
12 
11 

8 
8 
8 
8 
8 
8 

Pounds 
105.  6 
109.6 
100.0 
128.6 
141.7 
142.1 
92.5 
63.6 
82.8 
108.9 
105.0 
108.3 

Pounds 
33.5 
30.8 
35.3 
36.8 
31.8 
29.3 
29.1 
29.8 
24.7 
33.1 
30.8 
29.8 

Pounds 
139.1 
140.4 
135.3 
165.4 
173.5 
171.4 
121.6 
93.4 
107.5 
142.0 
135.8 
138.1 

Bushels 
176.0 
182.7 
166.7 
214.3 
236.2 
236.8 
154.2 
106.0 
138.0 
181.5 
175.  0 
180.5 

Bushels 
55.8 
51.3 
58.8 
61.3 
53.0 
48.8 
48.5 
49.7 
41.2 
55.2 
51.3 
49.6 

Bushels 
231.8 

1921 

234. 0 
225.5 
275.6 

1922 

289.2 
285.6 
202.7 

Three-year  average 

155.7 
179.2 
236.7 

226.3 

230.1 

1  Each  row =0.01  acre. 


In  1922  the  yield  in  primes  from,  the  36°  seed  was  unaccountably  low. 
Unfortunately,  no  unusual  condition  was  observed  in  1922  which 
might  account  for  this  low  yield.     As  a  result  of  this  condition  the 


3  The  writers  wish  to  acknowledge  their  indebtedness  to  the  Virginia  Truck  Experiment  Station  for 
providing  facilities  for  the  use  of  land  and  equipment  necessary  to  the  grow'ing  and  harvesting  of  the  crop. 
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3-year  average  yield  from  the  36°  seed  plot  is  lower  than  it  should 
have  been.  The  variations  in  yield  from  the  three  lots  of  seed  are 
not  sufficiently  marked  to  justify  any  claim  of  superiority  of  one 
over  the  others.  Such  increases  as  are  noted  could  very  appro- 
priately be  attributed  to  inequalities  in  soil  moisture  or  soil  fertility 
or  a  combination  of  both. 

ARLINGTON   EXPERIMENT   FARM 

The  studies  conducted  with  Irish  Cobbler  potatoes  at  the  Arlington 
Experiment  Farm  extended  from  1919  to  1924,  inclusive,  but  owing 
to  incomplete  data,  the  results  for  1920  are  not  included.  These 
studies  embraced  spring  and  fall  crops. 

The  data  given  in  Table  9  indicate,  as  might  be  expected  in  this 
section  of  the  country,  wide  variations  in  yield  from  year  to  year 
and  no  consistent  superiority  of  any  of  the  three  lots  of  seed. 

Table  9. — Comparative  influence  of  different  storage  temperatures  on  the  yield  of 
Irish  Cobbler  potatoes  grown  at  the  Arlington  Experiment  Farm  during  1919  and 
1921-1924 


Crop  and  year 


Spring  crop: 

1919 

1921.... 

1922.... 

1923 : 

Fall  crop: 

1923 

1924 

Average  1919,  1921-1924 


Stor- 
age 
tem- 
pera- 
ture 


Rows  1 
planted 


Average  yield  per  row ' 


Primes     Culls      Total 


Number  Pounds 


32  land? 
36  2  and  8 
40  3  and  9 


133.1 
131.8 
130.4 

45.9 
36.8 


107.0 
132.2 
97.7 

70.1 
75.4 
85.3 

75.5 
66.6 
65.4 

71.1 
80.3 
80.4 

83.8 
87.2 
82.9 


Pounds 
36.3 
32.4 
34.5 

47.2 
52.3 
43.9 

37.4 
34.7 

27.5 

24.9 
27.0 
24.9 

33.5 
30.8 
26.7 

9.4 
14.0 
11.1 

31.5 
31.9 
28.1 


Pounds 
169.4 
164.2 
164.9 


Average  yield  per  acre 


Primes    Culls      Total 


Bushels  Bushels 


221.8 
219.7 
217.3 


93.1  I  76.5 
89. 1  61.  3 
82.  5         64.  3 


144.4 
166.9 
125.2 

95.0 
102.4 
110.2 


178.3 
220.3 
162.8 

116.8 
125.6 
142.1 


109.0 
97.4 
92.1 

125.8 
111.0 
109.0 

80.5 
94.3 
91.5 

118.5 
133.8 
134.0 

115.3 
119.1 
111.0 

139.7 
145.3 
138.2 

60.5 
54.0 
57.5 

78.7 
87.2 
73.2 

62.3 

57.8 
45.8 

41.5 
44.9 
41.4 

55.8 
51.3 
44.5 

15.7 
23.3 

18.5 

52.5 
53.1 
46.8 


Bushels 
282.3 
273.7 
274.8 

155.2 
148.5 
137.5 

240.6 
278.1 
208.6 

158.3 
170.5 
183.5 

181.6 
162.3 
153.5 

134.2 
157.1 
152.5 

192.2 
198.5 
185.0 


Each  row=0.01  acre. 


The  average  yield  of  the  six  crops  stored  at  32°,  36°,  and  40°  F. 
shows  a  gain  of  13.5  bushels  in  total  acre  yield  and  7.1  bushels  of 
primes  in  favor  of  the  36°  F.  seed  over  that  from  the  seed  stored  at 
40°  F.  A  comparison  of  the  yields  from  the  32°  and  36°  F.  stored 
seed  shows  a  total  increase  in  acre  yield  in  favor  of  the  36°  seed  of 
6.3  bushels  and  in  primes  of  5.6  bushels.  These  differences  are 
hardly  sufficient  to  be  regarded  as  significant. 

A  similar  study  was  conducted  at  the  Arfington  Experiment  Farm 
during  1919,  1921,  1923,  and  1924  with  the  Green  Mountain  variety. 
The  results  from  this  study  as  presented  in  Table  9  show  the  same 
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yearly  fluctuations  in  yields,  but  they  are  more  consistent  in  the  com- 
parative yields  from  seed  stock  stored  at  the  three  temperatures. 
With  the  exception  of  1921,  the  tubers  stored  at  36°  and  40°  F.  gave 
the  largest  yields.  A  study  of  the  average  yield  for  the  4-year 
period  shows  a  fairly  good  increase  from  the  36°  and  40°  seed  tubers 
over  those  stored  at  32°,  the  total  average  yield  being  164  bushels  an 
acre  from  tubers  stored  at  32°  and  181.4  bushels  and  189.2  bushels, 
respectively,  from  the  tubers  stored  at  36°  and  40°.  The  acre  yield 
of  primes  was  about  in  the  same  ratio,  129.2,  143.8,  and  146.9  bushels, 
respectively.  Whether  these  differences  in  yield  of  the  Green  Moun- 
tain variety  are  owing  to  increased  sensitiveness  to  low  storage  tem- 
perature when  prolonged  to  midsummer,  it  is  impossible  to  say. 

Table  10. — Comparative  influence  of  different  storage  temperatures  on  the  yield  of 
Green  Mountain  potatoes  grown  as  a  fall  crop  at  the  Arlington  Experiment  Farm, 
during  1919,  1921,  1923,  and  1924 


Season 

Storage 
temper- 
ature 

Rowsi 
planted 

Average  yield  per  row  i 

Average  yield  per  acre 

Primes 

Culls 

Total 

Primes 

Culls 

Total 

1919 

°F. 
32 
46 
40 

32 
36 
40 

32 
36 
40 

32 
36 
40 

32 
36 
40 

Number 
3 
3 
3 

5 
5 
5 

4 

4 
4 

15 
15 
16 

27 
27 
27 

Pounds 
122.1 
133.6 
130.3 

63.1 

58.5 
68.7 

39.1 
41.0 
52.9 

85.8 
112.1 
110.7 

77.5 
85.3 
88.2 

Pounds 
29.8 
36.1 
37.1 

26.9 
23.5 
26.7 

11.1 
14.7 
22.8 

16.8 
16.0 
15.0 

20.9 
22.6 
25.4 

Pounds 
151.9 
169.7 
167.4 

90.0 
82.0 
85.4 

50.2 

55.7 
75.7 

101.6 
128.1 
125.7 

98.4 
108.9 
113.6 

Bushels 
203.5 
222.7 
217.1 

105.2 
97.5 
97.8 

65.2 
68.3 

88.2 

143.0 
186.8 
184.5 

129.2 
143.8 
146.9 

Bushels 
49.7 
60.1 
61.8 

44.8 
39.2 
44.5 

18.5 
24.5 
38.0 

26.3 
26.7 
25.0 

34.8 
37.6 
42.3 

Bushels 
253.2 

1921 

282.7 
278.9 

150.0 

1923 

136.7 
142.3 

83.7 

1924           

92.8 
126.2 

169.3 

Average  1919, 1921, 1923,  and  1924. 

213.5 
209.6 

164.0 
181.4 
189.2 

1  Each  row =0.01  acre. 


In  connection  with  the  1921  spring-crop  studies  on  the  influence 
of  temperature  on  seed  as  expressed  in  the  resultant  crop,  a  portion 
of  the  seed  from  each  of  the  three  storage  temperatures  was  removed 
12  days  before  being  planted  and  placed  in  an  adjoining  room  in 
which  the  temperature  was  approximately  70°  F.  This  was  done 
for  the  purpose  of  determining  whether  such  exposure  of  the  seed 
would  eliminate  delayed  germination  of  the  seed  stock  when  planted 
direct  from  storage.  It  had  been  previously  observed  that  stock 
planted  direct  from  32°  storage  was  slower  in  emerging  than  that  from 
36°  storage  and  diverged  still  more  widely  from  that  from  the  40°  room. 
In  the  comparison  of  yields  between  seed  taken  direct  from  storage 
and  that  exposed  to  a  higher  temperature  for  12  days  it  was  not 
expected  that  aside  from  delayed  emergence  of  the  plants  there  would 
be  any  material  difference  in  yields;  but  in  compiling  the  data  it 
became  evident  that  in  the  case  of  the  seed  from  two  out  of  the  three 
storages,  namely,  that  from  the  32°  storage  and  that  from  the  40° 
storage,  the  increase  in  yield  was  large  enough  to  be  significant.     For 


STORAGE   TEMPERATURES   OF   SEED    POTATOES 


15 


some  as  yet  inexplainable  reason  the  lot  from  the  36°  room  which  had 
been  exposed  to  the  higher  temperature  showed  a  shght  decrease  in 
yield  as  compared  with  the  lot  planted  direct  from  storage.  The 
complete  data  are  presented  in  Table  11. 


Table  11, — Comparative  yields  from  Irish  Cobbler  seed  potatoes  subjected  to  12 
days^  exposure  at  70°  F.,  and  those  planted  direct  from  cold  storage  at  the  Arlington 
Experiment  Farm  in 


Storage  temp 

erature 

Planted  direct 

from  storage  or 

after  12  days 

Average  yield  per  row  i 

Average  yield  per  acre 

Gain  (+)  or 

loss  (-)  as 

compared  to 

direct  planting 

Primes 

Culls 

Total 

Primes 

Culls 

Total 

Primes 

Total 

32°  F 

Direct 

Pounds 
35.4 
56.5 

37.3 
36.3 

34.6 
42.6 

35.8 
45.1 

Pounds 

45.8 
48.6 

53.0 
51.6 

40.7 
47.1 

46.5 
49.1 

Pounds 
81.2 
105.1 

90.3 
87.9 

75.3 
89.7 

82.3 
94.2 

Bushels 
59.0 
94.2 

62.2 
60.5 

57.7 
71.0 

59.6 
75.2 

Bushels 
76.3 
81.0 

88.3 
86.0 

67.8 
78.5 

77.5 
81.8 

Bushels 
135.3 
175.2 

150.5 
146.5 

125.5 
149.5 

137.1 
157.0 

Percent 

Per  cen 

36°  F 

After  12  days.. - 
Direct 

+59.6 

+29.4 

40°  F .— 

After  12  days... 
Direct .. 

-2.8 

-2.7 

Average 

of    3 
atures. 

After  12  days... 
Direct    . 

+23.1  !     +19.1 

1 

temper 

After  12  days... 

+26.0  1     +14.5 

1  Each  row =0.01  acre. 


AROOSTOOK  FARM 


Although  a  study  of  the  comparative  effect  of  different  storage 
temperatures  on  the  vitality  of  seed  potatoes  was  conducted  at 
Aroostook  Farm,  Presque  Isle,  Me.,  during  1919, 1920, 1921,  and  1922, 
the  data  for  the  first  two  seasons  are  too  incomplete  to  be  of  value. 
Accordingly  the  data  in  Tables  11  and  12  are  based  on  results  obtained 
in  1921  and  1922  from  the  Irish  Cobbler  and  Green  Mountain  varie- 
ties. 


Table  12. — Comparative  influence  of  different  storage  temperatures  on  the  yield  of 
Irish  Cobbler  and  Green  Mountain  potatoes  grown  at  Aroostook  Farm,  Presque 
Isle,  Me.,  during  1921  and  1922 


Stor- 
age 
tem- 
pera- 
ture 

Irish  Cobbler 

Green  Mountain 

Season 

Average  yield  per 
row  1 

Average  yield  per 
acre 

Average  yield  per 
row  1 

Average  yield  per 
acre 

Primes  Culls 

Total 

Primes 

Culls 

Total 

Primes 

Culls 

Total 

Primes 

Culls 

Total 

1921 

1922 

Average.. 

op 

32 
36 
40 

32 
36 
40 

32 
36 
40 

Lbs.     Lbs. 
107.8  !  16.2 
120.8  !  14.5 
115.0  !  11.2 

154.2  35.8 
169.  6     28. 8 

144.3  3L5 

131.0     25.5 
140.  2     21.  6 
129.  7     21. 3 

Lbs. 
123.0 
135.3 
126.2 

190.0 
188.3 
175.8 

156.5 
16L8 
151.0 

Bush. 

179.5 
201.3 
191.7 

257.0 
265.8 
240.6 

218.3 
233.6 
216.2 

Bush. 
25.4 
24.2 
18.7 

59.7 
48.0 
52.5 

42.6 
36.1 
35.5 

BU9h. 

206.0 
225.6 
210.4 

316.7 
313.8 
293.0 
• 
260.8 
269.7 
261.7 

Lbs. 

187.2 
183.6 
18L8 

177.2 
183.3 
183.3 

182.2 
183.5 
182.6 

Lbs. 
8.4 
7.9 
5.8 

28.3 

28.7 
25.6 

18.3 
18.3 
15.6 

195.6 
191.5 
187.6 

205.5 
212.0 
208.8 

200.6 
201.8 
198.2 

Bush. 
3n.9 
306.0 
303.1 

295.3 
305.5 
305.6 

303.7 
305.8 
304.2 

Bush. 
13.9 
13.2 
9.6 

47.2 

47.8 
42.5 

30.5 
30.5 
26.0 

Bush. 
326.8 
319.2 
312.7 

342.6 
353.3 
348.0 

334.2 
336.3 
330.2 

Each  row =0.01  acie. 


16   TECHNICAL  BULLETIN  117,  U.  S.  DEPT.  OF  AGRICULTURE 

A  review  of  all  the  data  given  fails  to  indicate  any  appreciable 
difference  in  yield  except  in  the  case  of  the  Green  Mountain  potatoes 
grown  at  the  Arlington  Experiment  Farm  in  1924,  in  which  case  the 
vitality  of  the  seed  stored  at  32°  F.  appeared  to  have  been  slightly 
injured. 

SUMMARY 

The  experimental  results  herein  noted,  obtained  by  previous 
investigators,  indicate  the  extent  of  losses  in  potatoes  stored  under 
different  storage  conditions  and  for  various  periods  of  time.  The  data 
cited  show  that  there  is  a  distinct  correlation  between  weight  loss  and 
temperature  and  humidity. 

The  data  obtained  from  the  long-term  storage  experiment,  1920- 
1922,  indicate  the  injurious  effect  on  tubers  of  being  subjected  to  low 
temperature  throughout  two  normal  storage  periods.  It  further 
shows  that  when  potatoes  are  stored  at  a  temperature  of  40°  F.  there 
is  very  little  decay. 

Figures  1  to  5  indicate  a  different  response  to  temperature  between 
the  Gold  Coin  and  Irish  Cobbler  varieties.  This  difference  is  par- 
ticularly apparent  in  Figures  3  and  5,  representing  the  stage  of  germi- 
nation of  the  two  varieties  in  the  40°  F.  temperature  room.  The 
Gold  Coin  potato  shows  slight  germination  in  some  of  the  tubers, 
whereas  all  of  the  Irish  Cobbler  tubers  show  an  advanced  stage  of 
sprout  development.  In  fact,  germination  has  progressed  to  the 
point  of  wilting  or  softening  of  the  flesh  owing  to  excessive  moisture 
loss. 

Different  germination  responses  would  doubtless  have  been  obtained 
in  a  40°  F.  temperature  if  observations  had  been  made  on  a  large 
quantity  of  potatoes  stored  in  bulk,  because  a  much  greater  amount 
of  heat  is  evolved  in  a  large  than  in  a  small  quantity  of  potatoes. 

The  comparatively  small  weight  loss  from  shrinkage  in  the  1925-26 
studies  may  be  explained  as  due  in  part  at  least  to  the  use  of  more 
carefully  selected  seed  stock.  Weight  losses  are  directly  proportional 
to  the  quality  of  the  tubers  stored,  their  freedom  from  cuts  and  bruises 
as  well  as  disease  and,  as  previously  stated,  to  temperature  and 
humidity. 

The  temperature  range  for  complete  dormancy  of  bulk-stored  pota- 
toes is  between  36°  and  40°  F.  For  the  normal  potato-storage  period 
it  is  believed  that  a  room  temperature  of  37°  F.  is  sufficiently  low  to 
prevent  germination  and  at  the  same  time  insure  as  low  a  transpira- 
tion and  respiration  loss  as  is  desirable. 

Comparative  studies  of  the  relative  influence  of  different  storage 
temperatures  as  conducted  at  the  Virginia  Truck  Experiment  Station, 
Arlington  Experiment  Farm,  and  Aroostook  Farm  did  not  reveal  any 
marked  differences  in  yields  from  the  Irish  Cobbler  variety. 

Lower  yields  were  obtained  at  the  Arlington  farm  from  Green 
Mountain  seed  stored  at  32°  than  at  36°  or  40°  F.,  while  at  Aroostook 
Farm  there  was  no  appreciable  difference. 

A  fairly  good  increase  in  yield  was  obtained  at  the  Arlington  farm 
in  1921  from  seed  removed  from  storage  and  held  for  12  days  in  a 
room  temperature  of  approxiniately  70°  F.  as  compared  with  the  yield 
from  similar  stock  planted  direct  from  storage. 
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INTRODUCTION 

Dairy  work  at  the  Huntley  Field  Station  ^  (fig.  1)  was  begun  by 
the  Bureau  of  Dairy  Industry  in  1918  as  the  result  of  a  special  appro- 
priation made  in  August,  1916,  by  Congress  for  dairy  demonstration 
work  to  be  carried  on  in  the  semiarid  and  irrigated  districts  of  western 
United  States.  This  station  is  located  on  the  Huntley  Reclamation 
Project  in  the  Yellowstone  Valley  of  Montana  and  was  established  in 
1910  by  the  Bureau  of  Plant  Industry.  Land  for  buildings,  corrals, 
and  irrigated  pastures  to  be  used  in  the  dairy  work  was  furnished  by 
the  Bureau  of  Plant  Industry.  Building  operations  were  started  in 
May,  1917,  when  dairy  barns,  silos,  and  a  house  for  the  man  in  charge 
were  erected.  A  herd  of  purebred  Holstein-Friesian  cattle  was 
established  in  May,  1918. 

The  purpose  of  this  dairy  station  is  to  investigate  problems  encoun- 
tered in  dairying  in  the  irrigated  districts,  particularly  the  effective 
utilization  of  home-grown  forage  and  grain  crops.     The  station  also 

1  Dan  Hansen  has  served  as  superintendent  of  the  Huntley  Field  Station  since  its  establishment  in  1910. 
L.  J.  Ridings  had  charge  of  the  herd  from  May,  1918,  to  March,  1919.  He  was  succeeded  by  J.  B.  Shepherd, 
who  served  until  July,  1921,  when  T.  W.  Moseley  was  appointed. 
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serves  as  a  demonstration  of  modern  dairy  methods  in  a  district 
where  dairying  is  just  becoming  established. 

The  investigational  work  is  conducted  along  the  following  lines: 
(1)  Pasture  experiments,  (2)  feeding  experiments,  (3)  factors  influ- 
encing variation  in  weight  of  dairy  cows  and  calves,  and  (4)  breeding 
experiments. 

The  milking  cows  were  fed  individually,  each  cow  receiving  all  the 
roughage  feeds  and  pasture  she  could  eat  and  grain  mixture  according 
to  the  quantity  of  milk  she  produced.  The  grain  mixture  generally 
used  was  as  follows:  Ground  corn,  2  parts  by  weight;  ground  oats, 
2  parts;  mill  feed,  2  parts;  and  linseed  meal,  1  part.  This  mixture 
contained  12.9  per  cent  digestible  protein  and  74.8  per  cent  total 
digestible  nutrients.  Other  mixtures  have  been  used  from  time  to 
time,  but  they  furnished  practically  the  same  percentages  of  digestible 
nutrients.  The  roughage  was  composed  of  alfalfa  hay,  corn  silage, 
and  sugar  beets.  Dried  beet  pulp  was  fed  when  fresh  beets  were  not 
available.  Cows  on  semiofficial  test  were  milked  three  times  per 
day;   those   under  herd  conditions   were  milked   only  twice   daily. 
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Figure  1.— Huntley  Field  Station,  Huntley,  Mont. 

Except  for  this  difference  the  test  cows  were  handled  in  the  same 
manner  as  the  herd  cows.  During  the  summer  the  cows  were  placed 
on  irrigated  mixed-grass  pasture. 

Until  they  were  from  6  to  10  months  of  age,  the  heifer  calves  were 
fed  skim  milk,  alfalfa  hay,  and  small  quantities  of  grain.  After  the 
skim-milk  period  they  received  only  alfalfa  hay,  corn  silage,  and  a 
limited  quantity  of  pasture.  During  the  latter  period  the  alfalfa 
hay  fed  the  heifers  consisted  of  the  hay  left  by  the  milking  cows  and  a 
small  quantity  of  good-quality  hay.  All  heifers  that  had  been 
weaned  from  skim  milk  were  kept  on  pasture  day  and  night,  when  it 
was  available.  Pasturage  for  the  herd  was  limited  and  was  usually 
available  for  the  heifers  only  during  June  and  part  of  July.  When  on 
pasture  the  heifers  received  no  additional  feeds.  They  were  bred  to 
freshen  at  26  to  28  months  of  age.  When  possible  all  heifers  were 
placed  on  semiofficial  test  during  their  first  lactation  period. 

PASTURE    EXPERIMENTS 

Pasture  experiments  with  dairy  cows  were  conducted  to  determine : 
(1)  The  grass  mixture  most  suitable  for  irrigated  pastures;  (2)  the 
greatest  carrying  capacity  of  irrigated  grass  and  sweet-clover  pastures; 
(3)  the  value  of  a  top-dressing  of  cow  manure  in  increasing  the  carry- 
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ing  capacity  of  irrigated  grass  pastures;  (4)  the  length  of  time  the  cows 
grazed  daily;  and  (5)  the  effect  of  pasture  on  breeding  efficiency, 
body  weight,  and  milk  flow. 

MEASURING   RESULTS 

The  following  method  devised  by  the  Bureau  of  Dairy  Industry  was 
used  to  determine  the  value  of  the  pastures  in  the  various  experiments : 

A  calculation  was  made  of  the  quantity  of  digestible  protein  and 
total  digestible  nutrients  necessary  to  maintain  the  cow  at  constant 
body  weight  and  to  furnish  the  nutrients  required  for  gain  in  weight 
and  milk  and  butterfat  production.  (Savage  standard.)  From  the 
required  nutrients  thus  calculated  were  deducted  the  nutrients  in  the 
hay  fed  while  the  cows  were  on  pasture.  The  difference  was  taken  as 
the  quantity  of  nutrients  that  may  be  credited  to  the  pasture.  By 
converting  this  quantity  of  nutrients  into  its  equivalent  of  alfalfa  hay 
and  corn  silage  and  by  finding  their  value  at  local  prices,  the  value  of 
the  pasture  was  obtained.  In  other  words,  the  monetary  value  of  the 
pasture  was  figured  in  terms  of  the  monetary  value  of  alfalfa  hay  and 
corn  silage  that  would  be  required  to  furnish  a  quantity  of  nutrients 
equal  to  that  furnished  by  the  pasture.  Com  silage  was  figured  at 
$5  per  ton  and  alfalfa  hay  at  $10  per  ton. 

In  calculating  the  quantity  of  nutrients  required  for  gain  in  weight, 
it  was  assumed  that  the  nutrients  required  for  a  pound  of  gain  in  the 
dairy  cow  would  be  the  same  as  those  required  for  a  pound  of  gain  in 
the  beef  steer.  The  average  quantities  of  total  digestible  nutrients 
required  for  a  pound  of  gain  in  steers  weighing  1,020,  1,140,  and  1,260 
pounds,  as  given  in  Henry  and  Morrison's  Feeds  and  Feeding,^  aver- 
aged 4.3  pounds  more  than  the  quantity  required  for  maintenance. 
This  is  the  figure  that  has  been  used  in  the  calculations.  It  is  probable 
that  the  quantity  of  nutrients  required  for  a  pound  of  gain  in  a  dairy 
cow  in  milk  will  vary  widely  with  the  individual  and  her  condition 
of  flesh. 

MANAGEMENT  OF  COWS  ON  PASTURE 

Holstein  cows  were  used  in  these  experiments,  and  they  were  divided 
into  two  groups  as  nearly  ahke  as  possible  in  production,  weight,  stage 
of  lactation,  and  period  of  gestation.  From  the  middle  of  May,  the 
beginning  of  the  pasture  season,  until  the  end  of  August  the  cows  were 
on  pasture  day  and  night  and  received  no  supplemental  feeds.  In 
September  they  were  on  pasture  only  during  the  day.  Each  evening 
when  they  were  removed  from  the  pasture  they  were  given  a  fight 
feeding  of  alfalfa  hay.  On  stormy  days  it  was  sometimes  necessary 
to  keep  the  cows  off  pasture.     At  such  times  they  were  fed  alfalfa  hay. 

All  cows  on  semiofficial  test,  when  on  pasture,  received  a  fight 
feeding  of  alfalfa  hay  during  July  and  August  after  the  fiush-grass 
season,  and  during  the  latter  part  of  August  and  September  they 
received  corn  silage.  No  grain  was  fed  to  the  cows  while  they  were  on 
pasture. 

MANAGEMENT  OF   PASTURES 

Each  pasture  was  divided  into  two  equal  parts  to  permit  alternate 
grazing  and  irrigation.  Each  half  was  grazed  in  periods  of  from  one 
to  two  weeks,  depending  upon  conditions  of  growth  and  irrigation 

2  Henry,  W.  A.,  and  Morrison,  F.  B.    feeds  and  feeding;  a  handbook  for  the  student  and 
STOCKMAN.     Ed.  18,  770  p.,  illus.    Madison.    1923. 
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requirements.  The  lot  that  had  been  pastured,  was  irrigated  as  soon 
as  the  cows  were  removed  to  the  other  lot.  From  five  to  eight  irriga- 
tions were  required  during  the  season.  As  the  growth  of  the  pastures 
increased  during  the  early  part  of  the  season,  it  was  necessary  to  place 
additional  cows  on  them.  As  the  season  advanced  and  the  growth  of 
grasses  decreased,  the  number  of  cows  on  the  various  pastures  was 
decreased.  All  pastures  were  harrowed  in  the  spring  to  distribute 
evenly  the  manure  that  had  been  spread  in  the  fall.  The  pastures 
that  received  no  manure  were  also  harrowed  so  that  this  practice 
would  be  uniform  on  all  pastures. 

DAMAGE  TO  PASTURE  BY  GRASSHOPPERS 

Each  season  from  1921  to  1923  it  was  necessary  to  remove  the  cows 
from  the  pasture  for  a  few  days  to  apply  arsenic-bran  mash  as  a 
control  measure.  Although  this  practice  helped  to  destroy  many 
grasshoppers,  the  damage  done  by  them  decreased  the  carrying 
capacity  of  the  pastures.  The  poison  was  spread  after  the  cows 
were  removed,  and  the  pastures  were  irrigated  before  the  cows  were 
returned. 

FINDING  A  GRASS  MIXTURE  FOR  IRRIGATED   PASTURES 

In  finding  a  grass  mixture  that  would  be  most  suitable  for  per- 
manent irrigated  pastures  in  regions  having  climatic  conditions 
similar  to  those  that  prevail  at  the  Huntley  station,  three  grass 
mixtures  were  used  ^  as  shown  in  Table  1 . 

Table  1. — Pasture  grass  mixtures  used,  1918-1920 


Rate  of  seeding  per  acre  of— 

Kind  of  seed  used 

Mixture  1 

Mixture  2 

Mixture  3 

A'wnlp<?«!  brnmo,  £rrfl.s<? 

Pounds 
2 
5 
3 
3 

^2 
2 

Pounds 
2 
5 
3 
3 
4 

Pounds 

Orchard  crass                                                                                  

5 

Tall  fescue                      ---                       _     .-  .      ..  .. 

3 

Perennial  ryegrass                                                             - 

Kentucky  bluegrass 

4 

2 

Alsike  clover                                                                           --  

2 

Total                                                                             

21 

17 

16 

The  results  obtained  in  this  pasture  experiment,  1918  to  1920, 
inclusive,  are  given  in  Table  2.  The  average  length  of  the  grazing 
season  on  mixtures  1  and  3  was  141  days,  whereas  on  mixture  2 
it  was  only  137  days.  The  average  carrying  capacity  of  mixtures  1 
and  2  was  at  the  rate  of  1.75  cows  per  acre,  and  that  of  mixture  3 
at  the  rate  of  1.84  cows  per  acre.  Although  the  average  number 
of  cows  per  acre  did  not  vary  greatly,  the  net  returns  showed  that 
those  pastures  containing  clover  gave  the  largest  income  per  acre. 
The  average  net  returns  for  mixture  1,  which  included  five  grasses 
and  two  clovers,  was  $50.84  per  acre.  Mixture  2,  which  contained 
no  clover,  had  a  value  of  $41 .58  per  acre.  Mixture  3,  which  contained 
the  clovers  but  no  brome  grass  nor  perennial  ryegrass,  made  a  net 

3  This  experiment  was  started  by  Dan  Hansen,  superintendent  of  the  Huntley  station,  in  1916,  and 
the  results  are  given  in  the  following  publication:  Hansen,  D.  irrigated  pastures.  Mont.  Agr.  Expt. 
Sta.  Bui.  166,  26  p.,  illus.  1924. 
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return  of  $46.56  per  acre.  This  experiment  indicated  that  mixture  1 
was  most  suitable  for  permanent  irrigated  pastures  at  the  Huntley 
Field  Station. 

Table  2. — Average  yearly  carrying  capacity  of  three  pasture  grass  mixtures, 

1918-1920 


Items  of  comparison 


Pasture  grass  mixture 


No.  1 


No.  2 


No.  3 


Length  of  grazing  season ..days. 

Total  number  cow  days  per  acre do... 

Average  daily  number  of  cows  per  acre 

Quantity  of  alfalfa  hay  fed  cows  on  pasture pounds. 

Average  live  weight  of  cows do... 

Total  gain  in  weight  of  cows  per  acre do... 

Average  milk  production  per  acre do.._ 

Quantity  milk  produced  per  cow  day  per  acre do... 

Average  per  cent  of  butterfat  in  milk 

Quantity  feed  required  to  furnish  nutrients  necessary  for  body  maintenance, 
gain  in  weight,  and  milk  production: 

Alfalfa  hay pounds. 

Corn  silage do... 

Total  value  of  hay  and  silage  per  acre ..dollars. 

Value  of  hay  fed  on  pasture do... 

Net  value  of  pasture  per  acre do... 


141 

248 

1.75 

620 

1,148 

296 

3,578 

14.4 

3.59 


4,712 
12, 152 
53.94 
3.10 
50.84 


137 

239 

1.75 

528 

1,056 

160 

3,426 

14.3 

3.55 


3,585 
10,  516 
44.22 
2.64 
41.58 


141 
260 
1.84 
698 
1,070 
316 
2,715 
10.4 
3.29 


4,160 
11.700 
50.05 
3.49 
46.56 


MAXIMUM  CARRYING  CAPACITY  OF  AN  ACRE  OF  IRRIGATED  GRASS  PASTURE 

In  order  to  determine  the  greatest  possible  carrying  capacity  of 
an  acre  of  irrigated  grass  pasture  receiving  heavy  annual  applications 
of  cow  manure,  an  experiment  was  started  in  1919  with  a  1.11 -acre 


I  iGunK  2.— Cows  on  irrigated  pasture  at  Huntley  Field  Station,  with  buildings  in  background 

pasture  that  had  been  seeded  in  1916  with  mixture  1,  described  in 
Table  1.  Every  fall  since  1917  this  pasture  has  received  a  top-dressing 
of  cow  manure  at  the  rate  of  15  tons  per  acre.  It  was  observed  that  as 
the  season  advanced  the  pasture  growth  decreased,  although  pre- 
sumably irrigation  furnished  plenty  of  moisture  at  all  times  for 
growth.  The  pastures  provided  feed  for  more  cows  in  June  than  in 
any  other  month.  The  increased  growth  of  the  grasses  at  this  time 
may  probably  have  been  due  to  the  cooler  temperatures  which  then 
prevailed,  an  abundance  of  moisture,  and  sunshine.     (Fig.  2.) 
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The  pasture  season  of  1927  was  much  cooler  than  usual,  and  there 
was  an  uncommonly  large  amount  of  rainfall.  These  atmospheric 
conditions,  together  with  supplemental  irrigation,  undoubtedly 
played  a  large  part  in  the  increased  carrying  capacity  obtained  during 
1927. 

The  results  of  this  experiment  obtained  during  the  nine  years  1919 
to  1927,  are  given  in  Table  3,  which  shows  the  average  carrying 
capacity  of  this  pasture  to  be  2.22  cows  per  acre  for  a  pasture  season 
of  138  days.  During  the  nine  years  the  carrying  capacity  increased 
from  1.98  cows  per  acre  to  2.73  cows  per  acre,  which  represents  an 
increase  of  37.8  per  cent. 

The  average  production  per  acre  per  pasture  season  for  the  nine 
years  was  7,041  pounds  of  milk  containing  268.7  pounds  of  butterfat, 
and  at  the  values  given  in  Table  3  the  net  returns  per  acre  were  $59.58. 

Table  3. — Maximum  carrying  capacitij  of  an  acre  of  irrigated  pasture,  1919-1927 


Items  of  comparison 


1919 


1922 


1923 


Length  of  grazing  season days.. 

Cows  on  pasture do 

Cows  off  pasture do 

Total  number  cow-days  per  acre do 

Grazing  period  of  cows  on  outside  pasture do 

Average  daily  number  of  cows  per  acre 

Green  corn  fed  cows  on  pasture pounds.. 

Alfalfa  hay  fed  cows  on  pasture do 

Alfalfa  hay  fed  cows  off  pasture do 

Average  weight  per  cow do 

Average  gain  or  loss  in  weight  per  cow do 

Average  gain  or  loss  in  weight  per  acre do 

Average  milk  production  per  acre do 

Average  butterfat  production  per  acre do 

Quantity  of  milk  produced  per  cow-day do 

Quantity  of  feed  necessary  to  furnish  nutrients  for  body 
maintenance,  milk  production,  and  gain  in  weight: 

Alfalfa  hay pounds.. 

Corn  silage do 

Value  of  alfalfa  hay  and  corn  silage  per  aero dollars.. 

Value  of  hay  fed  cows  on  pasture do 

Net  value  of  pasture  per  acre do 


143 

136 

7 

283 


1.98 


137 
134 

3 
282 

3 
2.06 


135 

123 

12 

270 


352 

416 

1,170 

59 

118 

5,592 

191.1 

19.8 


4,528 
13,  867 
57.31 
1.76 
55.55 


751 


1,117 

83 

172 

6,345 

304.7 

22.5 


5,640 
14,  946 
65.57 
3.75 
61.82 


2.00 

1,850 

952 

270 

1,185 

80 

181 

8,438 

330.9 

31.2 


5,130 
14,  040 
60.75 
16.61 
54.14 


136 
133 


290 

7 

2.13 


1,578 
228 

1,265 
-20 
-43 

8,225 

307.5 
28.4 


5,510 
13,  920 
02.35 
7.89 
54.46 


136 

131 

5 


1,193 

269 

1,124 

-9 

-22 

6,588 

265. 1 

20.0 


4,935 
14, 147 
60.04 
5.96 
54.08 


Items  of  comparison 


1924 


1925 


1927 


Aver- 
age 


-days. 
_do.-. 
.do... 
.do... 
.do... 


Length  of  grazing  season 

Cows  on  pasture 

Cows  off  pasture 

Total  number  cow-days  per  acre 

Grazing  period  of  cows  on  outside  pasture 

Average  daily  number  of  cows  per  acre 

Green  corn  fed  cows  on  pasture pounds. . 

Alfalfa  hay  fed  cows  on  pasture do 

Alfalfa  hay  fed  cows  off  pasture do 

Average  weight  per  cow ...do 

Average  gain  or  loss  in  weight  per  cow do 

Average  gain  or  loss  in  weight  per  acre do 

Average  milk  production  per  acre do 

Average  butterfat  production  per  acre do 

Quantity  of  milk  produced  per  cow-day do 

Quantity  of  feed   necessary   to  furnish   nutrients   for   body 
maintenance,  milk  production,  and  gain  in  weight: 

Alfalfa  hay pounds.. 

Corn  silage do 

Value  of  alfalfa  hay  and  corn  silage  per  acre .dollars.. 

Value  of  hay  fed  cows  on  pasture do 

Net  value  of  pasture  per  acre ..do 


139 

138 

1 


135 

135 

0 

308 


143 

143 

0 

314 


138 

138 

0 

377 


2.10 


2.: 


1,013 

77 

1,230 

100 

216 

9,736 

343.6 

32.6 


78.22 

5.06 

73.16 


834 

30 

1,181 

18 

41 

5,384 

208.6 

17.5 


4,774 
12,  936 
56.21 
4.17 
62.04 


2.19 
"608" 


2.73 
""80i" 


1,330 

-14 

-31 

6,885 

234.4 

21.9 


5,024 
13,  502 
58.87 
3.04 
55.83 


1,388 

82 

223 

6,180 

232.7 

16.4 


6,  409 
18, 850 
79.16 
4.00 
75.16 


138.0 

134.5 

3.4 

305.6 


2.22 


143.3 
1,221 
43.2 
95.0 
7,041 
268.7 
23.0 


5,472 
14,  766 
64.27 
14.69 
59.58 


1  Includes  value  of  green  corn  fed  cows  on  pasture. 
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MAXIMUM   CARRYING   CAPACITY   OF   AN   ACRE   OF  IRRIGATED  SWEET-CLOVER 

PASTURE 

Sweet  clover  usually  furnishes  an  abundance  of  pasturage  during 
the  latter  half  of  the  year  it  is  seeded  and  good  pasturage  during  the 
first  half  of  the  following  year.  In  the  middle  of  the  summer  of  the 
second  year  the  clover  matures  and  makes  seed. 

To  obtain  information  on  the  carrying  capacity  of  irrigated  sweet- 
clover  pasture,  in  the  spring  of  1926  a  2.19-acre  field  was  seeded  w^ith 
oats  and  white-flowered  sweet  clover.  The  oats  were  seeded  at  the 
rate  of  13^  bushels  per  acre  and  the  swxet  clover  at  the  rate  of  16 
pounds  per  acre.  A  good  stand  of  sweet  clover  was  obtained,  but  the 
pasture  was  not  utihzed  during  the  fall  of  1926.  It  was  not  ready 
any  earher  the  next  spring  than  was  the  grass  pasture.  The  cows 
were  kept  on  the  sweet  clover  from  May  19  to  September  6,  except  on 
rainy  days.  When  they  were  first  placed  on  it  they  did  not  eat  the 
sweet  clover  readily  nor  did  they  prefer  it  to  the  grasses.  The 
results  obtained  from  this  experiment  are  shown  in  Table  4. 

Table  4. — Maximum  carrying  capacity  of  an  acre  of  irrigated  sweet-clover  pasture, 

1927 


Items  of  comparison 


1927 


Length  of  grazing  season ..days. 

Cows  on  pasture do... 

Cows  off  pasture : do.— 

Total  number  of  cow-days  per  acre. do... 

Average  daily  number  of  cows  per  acre 

Grazing  period  of  cows  on  outside  pasture days. 

Quantity  alfalfa  hay  fed  cows  on  pasture .-.pounds. 

Quantity  alfalfa  hay  fed  cx)ws  off  pasture do... 

Average  weight  per  cow do... 

Average  loss  in  weight  per  cow ^ do... 

Average  loss  in  weight  per  acre do... 

Average  milk  production  iier  acre do... 

Average  butterfat  production  per  acre -..do... 

Milk  production  per  day  per  cow.. ...do... 

Quantity  feed  required  to  furnish  nutrients  necessary  for  body  maintenance,  gain  in  weight, 
and  milk  production: 

Alfalfa  hay pounds. 

Corn  silage do... 

Total  value  of  hay  and  silage  per  acre -.dollars. 

Value  of  hay  fed  on  pasture .-. do... 

Net  value  of  pasture  per  acre l-.do... 


111 

96 

15 

174.4 

1.57 

12 

94.5 

208.2 

1.354 

68.9 

108.2 

4,942.3 

197.8 

28.3 


2,964 
8,371 
35.75 
.47 
35.28 


Pasture  for  an  average  of  1.57  cows  per  acre  was  furnished  for  111 
days.  The  average  weight  of  the  cows  during  this  time  was  1,354 
pounds.  During  the  season  the  cows  lost  an  average  of  108.2  pounds 
in  weight  per  acre.  They  produced  during  the  96  days  on  pasture 
4,942.3  pounds  of  milk,  containing  197.8  pounds  butterfat,  and  at 
the  values  given  in  Table  4  the  net  returns  per  acre  were  $35.28. 
Neither  the  carrying  capacity  nor  the  returns  of  the  sweet-clover 
pasture,  for  its  second  year,  compare  favorably  with  that  of  the 
grass  pastures.  The  experiment,  however,  has  been  carried  on  for 
only  a  short  period.     Additional  data  may  change  the  results  given. 

EFFECT  OF  COW  MANURE  AS  A  TOP-DRESSING  FOR  IRRIGATED  GRASS  PASTURES 

In  earlier  experiments  with  pasture  grasses  at  this  station  it  was 
found  that  the  application  of  manure  as  a  top-dressing  for  grass 
pastures  was  very  effective  in  increasing  production.  In  order  to 
determine  the  value  of  cow  manure  in  maintaining  or  improving  pro- 
duction of  old  pastures,  a  more  extensive  experiment  was  begun  in 
1921.     The  6-acre  plot  used  for  this  purpose  was  seeded  in  1916.     It 
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was  divided  into  two  3-acre  fields,  designated  as  pastures  A  and  B. 
These  two  pastures  were  handled  in  an  identical  manner,  except  that 
pasture  A  received  a  top-dressing  of  12  tons  of  manure  per  acre, 
whereas  pasture  B  received  no  manure.  The  results  obtained  from 
these  two  pastures  are  given  in  Table  5. 

Table  5. — Comparison  of  pastures  receiving  a  top-dressing  of  manure  with  those 
receiving  no  manure,  1921-1926 


Pasture  A,  manured 

Items  of  comparison 

1921 

1922 

1923 

1924 

1925 

1926 

Aver- 
age 

Length  of  grazing  season days.. 

135 

136 

136 

139 

129 

136 

135.1 

Cows  on  pasture do 

130 

117 

124 

132 

129 

133 

127.5 

Cows  off  pasture do 

5 

19 

12 

7 

3 

7.6 

Total  number  of  cow-days  per  acre do 

147 

259 

232 

251 

276 

294 

243.1 

Average  daily  number  of  cows  per  acre 

1.09 

1.91 

1.70 

1.80 

2.14 

2.16 

1.8 

Alfalfa  hay  fed  cows  on  pasture pounds.. 

415 

462 

857 

662 

589 

442 

571.1 

Alfalfa  hay  fed  cows  off  pasture do 

176 

623 

596 

355 

10 

293.  3 

Average  weight  per  cow do 

1,149 

1,197 

1,217 

1,306 

1,125 

1,111 

1,184 

Average  gain  or  loss  in  weight  per  cow  .do 

65 

43 

-56 

-28 

94 

108 

37 

Average  gain  or  loss  in  weight  per  acre  ..do 

71 

83 

-95 

-50 

201 

234 

74 

Average  production  of  milk  per  acre do 

3,109 

4,558 

5,356 

4,307 

1,472 

2,606 

3,568 

Average  production  of  butterfat  per  acre.do 

117.5 

158.6 

200.5 

170.7 

52.3 

97.7 

132.  9 

Milk  production  per  cow-day do 

21.1 

17.6 

23.1 

17.2 

5.3 

8.9 

14.7 

Quantity  of  feed  required  to  furnish  nutrients 

necessary  for  body  maintenance,  milk  pro- 

duction, and  gain  or  loss  in  weight: 

Alfalfa  hay pounds.. 

2,389 

3,755 

3,828 

3,263 

3,583 

4,263 

3,513 

Corn  silage ...do 

7,644 

12, 173 

10,  904 

9,280 

9,936 

12,054 

10,  332 

Value  of  hay  and  silage  per  acre dollars.. 

30.05 

49.20 

46.40 

39.51 

42.75 

51.44 

43.39 

Value  of  hay  fed  cows  on  pasture .do 

2.07 

2.31 

4.28 

3.31 

2.95 

2.21 

2.85 

Net  value  of  pasture  per  acre do 

27.98 

46.89 

42.12 

36.20 

39.80 

49.23 

40.54 

Pasture  B,  not  manured 

Items  of  comparison 

1921 

1922 

1923 

1924 

1925 

1926 

Aver- 
age 

Length  of  grazing  season ..days.. 

135 

136 

136 

139 

129 

136 

135. 1 

Cows  on  pasture do 

130 

117 

124 

132 

129 

133 

127.5 

Cows  off  pasture do 

5 

19 

12 

7 

3 

7.6 

Total  number  of  cow-days  per  acre do 

131 

225 

202 

189 

196 

215 

193.0 

Average  daily  number  of  cows  per  acre 

0.97 

1.66 

1.48 

1.36 

1.52 

1.58 

1.43 

Alfalfa  hay  fed  cows  on  pasture pounds.. 

418 

345 

706 

436 

342 

318 

427.5 

Alfalfa  hay  fed  cows  off  pasture do 

178 

519 

555 

247 

4 

250.  5 

Average  weight  per  cow do 

Average  gain  or  loss  in  weight  per  cow.. do 

1,158 

1,  269 

1,169 

1,335 

1,222 

1,199 

1,  225 

68 

-71 

-90 

-27 

85 

106 

12 

Average  gain  or  loss  in  weight  per  acre.do 

66 

-118 

-114 

-36 

130 

168 

16 

Average  production  of  milk  per  acre do 

3,  528 

4,080 

3,924 

3,451 

640 

1,675 

2.883 

Average  production  of  butterfat  per  acre.do 

122.9 

150.  2 

143.9 

115.8 

23.6 

59. 8 

104.2 

Milk  production  per  cow- day do 

26.9 

18.1 

19.4 

18.3 

3.3 

7.8 

14.9 

Quantity  of  feed  required  to  furnish  nutrients 

necessary  for  body  maintenance,  milk  pro- 

duction, and  gain  or  loss  in  weight: 

Alfalfa  hay pounds.. 

2,  620 

2,925 

2,  626 

2,  646 

2,  352 

2,  795 

2,  661 

Corn  silage..  do 

6,812 

8,325 

6,918 

7,  560 

7,  056 

9,675 

7,724 

Value  of  hay  and  silage  per  acre dollars.. 

30.13 

35. 43 

30.  32 

32.13 

29.  40 

38.16 

32.  64 

Value  of  hay  fed  cows  on  pasture do 

2.09 

1.73 

3.53 

2.18 

1.71 

1.59 

2.14 

Net  value  of  pasture  per  acre do 

28.04 

33.70 

26.79 

29.  95 

27.69 

36.57 

30.50 

Duiing  the  six  years  of  this  experiment,  pasture  A  had  an  average 
carrying  capacity  of  1.8  cows  per  acre  for  a  grazing  season  of  135.1 
days.  The  average  weight  of  the  cows  was  1,184  pounds.  Pasture 
B  carried  an  average  of  1.43  cows  per  acre  for  a  grazing  season  of  135.1 
days.  The  average  weight  of  the  cows  on  this  pasture  was  1,225 
pounds.  Pasture  A,  therefore,  had  a  25.9  per  cent  greater  carrying 
capacity  than  pasture  B.  This  increased  carrying  capacity  amounted 
to  $10.46  per  acre  in  favor  of  pasture  A. 
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Pasture  A  increased  its  capacity  at  a  rapid  and  constant  rate,  so 
that  by  1926  it  carried  an  average  of  2.16  cows  per  acre.  Pasture  B, 
although  it  increased  its  carrying  capacity  to  some  extent  after  1921, 
carried  only  1.58  cows  per  acre  in  1926.  Pasture  A,  therefore,  had  a 
36.7  per  cent  greater  carrying  capacity  in  1926  than  pasture  B. 
When  calculated  in  terms  of  hay  and  silage  required  to  provide  an 
equivalent  quantity  of  nutrients,  the  net  value  of  pasture  A  in  1926 
was  $12.66  greater  per  acre  than  that  of  pasture  B.  On  an  average 
the  cows  on  both  pastures  increased  slightly  in  weight  during  the 
season,  although  the  gain  in  weight  made  by  the  cows  on  pasture  B 
was  less  than  the  gains  made  by  the  cows  on  pasture  A. 

LENGTH   OF  TIME  THE  COWS  GRAZED  DAILY 

During  the  pasture  season  of  1927,  observations  were  made  of  the 
number  of  hours  that  cows  graze  w  hen  receiving  pasture  alone  and 
when  receiving  other  feeds  in  addition  to  pasture.  The  observations 
covered  two  days  in  June  and  two  days  in  August.  The  cows  were 
removed  from  pasture  each  morning  at  4  a.  m.  None  of  the  cows 
were  grazing  at  that  time.  They  were  returned  to  the  pastures  about 
5  a.  m.,  and  a  record  was  made  of  the  time  they  grazed  throughout 
the  day.  No  record  of  the  grazing  time  was  made  after  9p.m.  The 
results  of  these  observations  are  shown  in  Table  6. 

Table  G. — Length  of  grazing  time  per  day  on  different  rations 


Kind  of  ration 

Grating  period  per  day  in— 

June 

August 

Average 

Pasture  alone 

Hours 
8.97 
6.98 
5.05 
5.06 

Hours 
9.35 
6.05 
6.15 
5.60 

Hours 
9.  IG 

6.51 

Pasture  and  a  limited  grain  ration                                                 

5.60 

Pasture  and  a  full  grain  ration 

5.33 

The  cows  on  pasture  alone  grazed  an  average  of  9.16  hours  per  day. 
Those  receiving  alfalfa  in  addition  to  the  pasture  grazed  29  per  cent 
less  time  than  the  cows  on  pasture  alone.  When  cows  were  fed 
pasture  and  a  hmited  grain  ration,  consisting  of  1  pound  of  grain  for 
each  6  pounds  of  milk  produced,  they  grazed  39  per  cent  less  time 
than  those  on  pasture  alone.  Cows  receiving  pasture  and  a  full 
grain  ration,  consisting  of  1  pound  of  grain  to  each  3  pounds  of  milk 
produced,  grazed  42  per  cent  less  time  than  those  on  pasture  alone. 
Cows  on  pasture  and  a  limited  graiQ  ration  grazed  14  per  cent  less 
time  than  the  cows  on  pasture  and  alfalfa  hay,  whereas  the  cows 
on  pasture  and  a  full  grain  ration  grazed  18  per  cent  less  time.  These 
observations  indicate  that  the  more  supplemental  feeds  a  cow  receives, 
the  shorter  will  be  the  average  grazing  period  per  day. 

EFFECT  OF   PASTURE  ON   THE  BREEDING   EFFICIENCY   OF  DAIRY   COWS 

A  general  opinion  exists  that  cows  on  pasture  average  fewer  serv- 
ices per  conception  than  cows  on  a  nonpasture  ration.     Conceptions 
at  the  Huntley  herd  have  been  studied  to  determine  whether  this  is 
the  case.     One  difficulty  in  obtaining  conclusive  results  is  the  fact 
40460°— 29 2 
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that  practically  all  the  cows  in  the  Huntley  herd  are  on  pasture 
every  year.  A  beneficial  effect  from  the  pasture  season  may  extend 
through  the  intervening  nonpasture  period  to  the  next  pasture  season. 
To  determine  the  possible  carry-over  effect  of  the  grass,  the  breeding 
efficiency  of  cattle  kept  off  pasture  for  a  number  of  years  should  be 
compared  with  that  of  animals  on  the  same  feeds  with  pasture  in 
addition.  Unfortunately  such  data  are  not  available  for  study  at  this 
time.  In  making  this  study,  the  nonpasture  period  was  divided  into 
two  parts:  The  two  months  immediately  following  pasturing  and 
the  remainder  of  the  period.  Service  dates  of  the  same  animals 
were  obtained  for  several  years.  This  study  represents  120  con- 
ceptions that  required  204  services,  an  average  of  1.7  services  per 
conception. 

Two  methods  of  analyzing  the  data  obtained  have  been  employed. 
One  method  is  to  consider  the  percentage  of  animals  that  conceived 
on  the  first  service  after  being  placed  on  pasture  or  after  being  removed 
from  pasture,  regardless  of  whether  they  had  had  previous  ineffec- 
tive services.  The  second  method  is  to  consider  the  percentage  of 
animals  that  conceived  on  the  first  actual  service  while  they  were  on 
pasture  and  after  they  were  removed  from  the  pasture.  The  two 
methods  give  different  results. 

Table  7  shows  the  number  of  animals  and  the  per  cent  of  the  total 
number  bred  that  conceived  on  the  first,  second,  third,  and  fourth 
services  in  each  period  of  feeding.  Prior  services  under  another 
period  of  feeding  are  not  taken  into  consideration. 

Table  7. — Services  required  per  conception  in  three  different  periods  of  feeding 


Total 
num- 
ber 
of 
cows 

Cows  conceiving  at — 

Period  of  feeding 

First 
service 

Second 
service 

Third 
service 

Fourth 
service 

Num- 
ber 

Per 
cent 
of 
total 
bred 

Num- 
ber 

Per 

cent 

of 

total 

bred 

Num- 
ber 

Per 
cent 
of 
total 
bred 

Num- 
ber 

Per 

cent 

of 

total 

bred 

51 
40 
29 

30 
30 
26 

58.8 
75.0 
89.7 

11 
7 
3 

21.6 
17.5 
10.3 

8 
3 

15.7 
7.5 

2 

3.9 

According  to  Table  7,  after  the  cows  had  been  removed  from 
pasture  not  more  than  two  months,  89.7  per  cent  conceived  on  the 
first  service;  only  10.3  per  cent  required  a  second  service;  and  none 
required  a  third  or  fourth  service.  Seventy-five  per  cent  of  the 
animals  conceived  on  the  first  service  after  being  placed  on  pasture, 
and  only  58.8  per  cent  conceived  on  the  first  service  after  having  been 
removed  from  pasture  more  than  two  months. 

The  data  showed  that  74  conceptions  were  obtained  in  the  last  six 
months  of  the  year  as  compared  with  47  in  the  first  six  months. 
However,  there  were  more  first  services  in  the  last  half  of  the  year 
than  in  the  first  half — 70  as  compared  to  51.  It  was  thought  that 
possibly  fresh  green  grass  contains  a  vitamin  that  stimulates  ovula- 
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tion  in  cows  and  that  cows  in  need  of  this  vitamin  would  not  react 
to  the  feed  containing  it  until  they  had  been  on  pasture  a  month  or 
six  weeks;  also,  that  the  cumulative  effect  of  such  feed  might  con- 
tinue about  two  months  after  the  removal  of  the  cows  from  pasture. 
If  such  were  the  case,  it  might  furnish  an  explanation  for  the  fact 
that  more  conceptions  occurred  during  the  last  six  months  of  the 
year  than  during  the  first  six  months.  The  difterence,  however, 
between  the  number  of  first  services  and  conceptions  for  the  latter 
six-month  period  was  only  3  per  cent.  Apparently  the  majority  of 
the  animals  in  the  herd  were  calving  at  such  a  time  as  to  be  bred 
during  this  period. 

Table  8  shows  the  number  of  animals  and  the  percentage  of  the 
number  bred  that  conceived  on  the  actual  first  service  in  each  period 
of  feeding. 

Table  8. — Number  and  percentage  of  cows  conceiving  on  actual  first  service  in 

different  periods  of  feeding 


First  actual  service 

Period  of  feeding 

Number 
of  cows 

Per  cent 

of  total 

number 

bred 

Cows  off  pasture  more  than  2  montlis 

30 
23 

18 

58.8 

Cows  on  pasture.- 

57.5 

Cows  off  pasture  2  months  or  less 

62.0 

When  considered  on  this  basis,  the  average  number  of  cows  that 
conceived  on  first  service  was  so  close  for  each  of  the  three  periods  of 
feeding  as  to  indicate  that  Httle  difference  existed  in  the  breeding 
efficiency  of  cows  during  the  different  periods  of  feeding.  However, 
it  is  possible,  as  stated  before,  that  pasturing  had  a  beneficial  effect 
throughout  the  year,  since  the  breeding  efficiency  of  the  entire  herd 
was  good. 

Of  the  cows  with  the  least  breeding  eflSciency,  one  cow  required  6 
services,  of  which  4  occurred  before  the  pasture  season  and  2  after  the 
season  started;  one  cow  required  5  services,  4  before  the  pasture 
season;  5  cows  required  4  services,  2  having  the  4  services  after  the 
pasture  season  ended,  2  having  1  service  each  before  pasture,  and  1 
having  2  services  before  pasture  started.  Eighteen  cows  required  3 
services  before  conception ;  of  these  9  had  all  3  services  when  off  pas- 
ture. The  reason  for  this  might  be  the  fact  that  the  pasture 
season  at  Huntley  extends  over  only  about  four  and  one-half  months 
of  the  year.  Of  the  remaining  9  animals,  4  had  2  services  before  the 
pasture  season  and  conceived  on  the  first  service  after  pasture  started; 
1  had  1  service  before  the  pasture  season;  2  had  2  services  during  the 
pasture  season  and  conceived  on  the  first  service  after  pasture  ended ; 
and  2  had  1  service  during  the  pasture  season  and  conceived  on  the 
second  service  after  pasture  ended. 

Although  the  evidence  is  not  conclusive,  it  indicates  that  for  those 
cows  requiring  three  or  more  services  per  conception  pasture  was 
beneficial. 
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The  detailed  service  dates  for  the  different  periods  of  feeding  are 
given  in  Tables  9,  10,  and  11. 

Of  the  51  conceptions  listed  in  Table  9,  30  occurred  on  the  first 
service;  11  on  the  second  service;  8  on  the  third  service;  and  2  on  the 
fourth  service. 


Table  9. 


-Service  dates  for  51  conceptions  hy  cows  that  were  bred  and  conceived 
more  than  two  months  after  the  pasture  season  ended 


Cow 

Date  removed 
from  pasture 

Service  dates 

First 

Second 

Third 

Fourth 

n-1 

Oct.      3, 1919 
Sept.  27, 1920 
Sept.  30, 1921 
do 

Nov.  20, 1919 
Mar.  28, 1921 
Apr.   27,1922 
Jan.    24,1922 
Feb.   28,1923 
Nov.  25,  1925 
Dec.     6, 1921 
Dec.   31,1922 
Oct.    21,1924 
Dec.   15,1920 
Feb.     4, 1922 
Apr.     9, 1923 
May  14,1924 
Jan.      7, 1921 
Mar.    4, 1922 
Mar.  23, 1920 
Nov.  25, 1920 
May    2,1922 
Jan.      2, 1925 
Mar.  11, 1926 
Jan.      8, 1922 
Mar.  12, 1925 
Feb.   16,1926 
Nov.    1,1923 
Dec.    15,1925 
Mar.  18,1927 
July    19,1923 
Feb.     9, 1925 
Jan.      2, 1926 
Dec.   16,1926 
July   30,1924 
Jan.      2, 1925 
Jan.    30,1925 
Nov.  20, 1924 
Nov.  29, 1927 
Nov.  12,1926 
May  11,1925 
Aug.  25,  1925 
Feb.     8, 1926 
Apr.   12,1927 
Dec.     7, 1927 
Apr.   28,1922 
Jan.    22.1922 
May    5,1923 
Sept.    4,1927 
Dec.   24,1923 
Nov.  24, 1923 
July    18,1922 
Nov.  22, 1923 
Aug.     1,1924 
Dec.     9, 1927 

Feb.     6, 1920 
Apr.   23,1921 

H-l 

H-l         .-            -. 

H-2 

H-2 

Sept.    6,1922 
Sept.  30, 1925 
June    6, 1921 
Oct.      3, 1922 
Sept.  30, 1924 
Sept.  29, 1920 
Aug.  30,1921 
Sept.  30, 1922 
Sept.  26, 1923 
Sept.  29, 1920 
Aug.  31,1921 

None 

None 

June  20,1921 
Sept.  30, 1924 
Sept.  30, 1925 
None. 

Sept.  30, 1924 
Sept.  16, 1925 
Sept.  26, 1923 
Sept.  30, 1925 
Sept.  22, 1926 
July    13,1923 
Sept.  30, 1924 
Sept.  30, 1925 
Sept.  22, 1926 

H-2 

Mar.    6,1926 

May  15,1926 

H-3 

H-3           

Mar.  27, 1923 
Dec.   12, 1924 

n-3 

H-6 

H-6                             -       --     -- 

H-6 

H-6  

H-9 

H-9 

H-11         

H-12 

H-12 

H-13 

H-13 

H-14 

Apr.   14,1922 

Apr.   27,1922 

H-16 

H-16     

H-17 

Nov.  22, 1923 

Jan.    26,1924 

H-19 

H-19--     

H-26 

Nov.  29, 1923 
Mar.  16, 1925 

H-26_    

May  11,1925 

H-29-               

H-31 

H-32 

H-33 

H-34 -. 

July    16,1924 

do 

do 

do 

SeT>t.  10, 1924 
Feb.     2,  1925 

Jan.    22,1925 
Mar.  14, 1925 

Feb.   12, 1925 
Apr.  30,1925 

H-36-    

Jan.    21,1925 
Dec.   21,1927 
Jan.    28,1927 
Sept.  23, 1925 
Jan.      3, 1926 

Feb.    10,1925 
Jan.    31,1928 

H-37 

Sept.  21, 1927 
Sept.  22, 1926 
July    16,1925 
do 

H-38 

H-40 

Jan.     9, 1926 

H-41 

H-47 

Aug.  12,1925 
Oct.    13,1926 
Aug.  21,1927 
Sept.  30, 1921 
do 

H-47-       

H-62 

H-208_    

May  21,1922 
Feb.   13,1922 

H-218 

H-218 

Sept.    6,1922 
Aug.  21,1927 
Sept.  26, 1923 
Sept.  14,  1923 
July     6, 1922 
July    13,1923 
July    16,1924 
May  16,1927 

H-59 . 

Oct.    21,1927 

Dec.   24,1927 

H-15. 

H-16.--..-. 

H-17 

Oct.      1, 1922 

H-22 

H-29 

Nov.    5,1924 

H-46 
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Table   10. — Service  dates  for  40  conceptions  by  cows  that  conceived  while  on  pasture 


Pasture  period 

Service  date 

Cow 

Beginning            Ending 

Before  pas- 
ture season 

During  pas- 
ture season 

H-2                                                -     

May  15, 1924  1  Sect.  30. 1924 

May  29, 1924 

Aug.  11, 1924 

Sept.    5, 1924 

II-3                                                               

May    8,1919 

Oct.      3, 1919 

May  20,1919 

July     6, 1919 

n-3                                                 

May  15,1924 
May  18,1922 

Sept.  30, 1924 
Oct.      3. 1924 

May  23,1924 

H-4                                                                  

June     6, 1922 

H-4 

May  14, 1923     Sept.  26, 1923 
May  15, 1924     Sept.  30, 1924 
May  10, 1923     Sept.  26, 1923 
May   18, 1922     Seot.  24. 1922 

Sept.    3,1923 
Sept.    1, 1924 

n-4                                      

H-9 

July   23,1923 

H-10                                           

July    16,1922 

H-13 

do 

Oct.      3, 1922 
Oct.      5.  1927 

Sept.    3,1922 

11-13 

May   16, 1927 

July   27, 1927 

..... .....1-:-::— :'— :.- 

Aug.  29,1927 

n-15 

June    4,1922 

July     6, 1922 

Feb. 
Mar. 

2, 1922 
24, 1922 

June  17,1922 

H-17 

May   IJ,  1925 
May    3,1926 
May  24,1923 

Sept.  30, 1925 
Sept.  22, 1926 
July    13,1923 

June    8, 1925 

H-17 

_.- 

June  18,1923 

H-19                                              

Jan. 
Jan. 
Feb. 
Apr. 

2,1923 
31, 1923 
22,1923 
28,1923 

June  29,1923 

H-19 

May  '15,1924 
June  28,1923 

Sept.  30, 1924 
July    13,1923 

Sept.  14,1924 

H-21                             •                         -  - 

Mar. 
....  d 

15, 1923 
0 

July    13, 1923 

H-21                                                

May   15,1924 
June  30,1923 
May   15,1924 
May    3,1926 
do 

Sept.  30, 1924 
July    13,1923 
Sept.  30, 1924 
Sept.  22, 1926 
do 

Sept.  23, 1924 

n-23 

July     7, 1923 

H-23 

Sept.  16, 1924 
July    15,1926 

H-30                                                      

....... 

11-32 

Apr. 

6, 1926 

May  17,1926 
June  10,1926 

Aug.  15, 1926 

n-32                                   

May   16,1927 
May     3, 1926 

Sept.  21,1927 
Sept.  22, 1926 

Sept.    2,1927 

H-33 

July     3, 1926 

Aug.  20, 1926 

11-33 

May  16,1927 
May    3,1926 

Sept.  30, 1927 
Sept.  22, 1926 

Aug.  27, 1927 

H-34 

Apr. 

11, 1926 

May  23,1920 

June     9, 1926 

H-38 

May  21,1925 

Sept.  30, 1925 

Feb. 

Dec. 
Jan. 
Feb. 
Mar. 

1.1925 
28,1925 
20,1925 

20. 1925 

10. 1926 
20,1926 
13, 1926 

' 

Sept.  15,1925 

H-39 

May  21,1925 
May  10,1926 

Aug.    17,1925 
Oct.    13,1926 

July   26,1925 

H-46 

Mav  16,1926 

June  29,1926 

H-48 

May  10,1926 

Oct.    13,1926 

Feb. 
Mar. 

16, 1926 
9,1926 

May  28, 1926 

June  21, 1926 

n-49                       

May  10,1926 

Oct.    13,1926 

Apr. 

29, 1926 

June     5, 1926 

June  24,1926 

Aug.  20, 1926 

H-52 

May  10,1926 
do 

Aug.    18,1926 
do 

July    25, 1926 

H-53 

Aug.  12, 1926 

H-54                                       

May  21,1927 

Sept.    7,1927 

Mar. 
Mar. 

1,1927 
22, 1927 

June  20, 1927 

n-56..  .          .                  . 

May  21,1927 

Sept.    7,1927 

June     3, 1927 

June  27,1927 

H-57 

May  21,1927 
Mav   18,1922 
May   14,1923 
May  20,1922 
May   14,1923 
May  15,1924 

Sept.    7,1927 
Sept.  30, 1922 
Sept.  12, 1923 
Sept.  30, 1922 
Aug.    19,1923 
Sept.  30, 1924 

July   31,1927 

H-204 

May 

18, 1922 

Sept.  15,1922 

H-208 

July     8, 1923 

H-215  ....                             

Aug.  22, 1922 

H-215 

July    19, 1923 

H-218 

July   20,1924 

In  Table  10,  12  of  the  40  conceptions  occurred  while  the  cows  were 
on  pasture.  These  cows  had  been  bred  prior  to  the  pasture  season. 
Of  these,  7  conceptions  occurred  on  the  first  service  after  the  pasture 
season  started,  3  on  the  second  service,  and  2  on  the  third  service. 
Twenty-three  of  the  40  conceptions  occurred  on  the  first  service 
while  the  cows  were  on  pasture,  4  occurred  on  the  second  service,  and  1 
required  a  third  service. 
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Table  11. — Service  dates  for  29  conceptions  hy  cows  that  were  hred  and  conceived 
during  the  first  and  second  months  after  being  removed  from  pasture 


Date  removed 
from  pasture 

Service  dates 

Cow 

During  pas- 
ture season 

After  pasture  season 

First  service 

Second 
service 

II-l 

Sept.  26, 1923 

June  30,1923 
Aug.    10,1923 
Aug.   30,1924 
Aug.   21,1920 

Oct.    25,1923 
Oct.    26,1924 
Nov.     1,1920 
Nov.    4,1925 

H-1    .                                              

Sept.  22, 1924 
Sept.  29, 1920 
Sept.  30, 1925 
Oct.      3, 1919 

H-3 

H-4 

H-9.             

June  15,1919 
July     7, 1919 
June  20,1921 

Nov.  23, 1919 
July   26,1921 
Nov.  22, 1923 
July    16,1922 
Sept.  14,1926 
Oct.    27,1927 
Oct.      9, 1925 
Nov.    1,1924 
Nov.  19, 1925 
Aug.     2, 1924 
Oct.      8, 1925 
Sept.    1, 1924 
Nov.  16,1925 
Aug.   29,1925 
Nov.    4,1926 
Oct.    23,1926 
Nov.    5,1927 
Oct.    29,1927 
Oct.    23,1927 
Nov.  18,1927 
Sept.  19,1927 
Oct.      9, 1927 
Sept.  13, 1927 
Oct.      6, 1925 
Oct.    13,1926 

H-10 

June  20,1921 
Sept.    9,1923 
July     6, 1922 
July   26,1926 
Sept.  21, 1927 
Sept.  27, 1925 
Sept.  30, 19^4 
Sept.  27, 1925 
July    16,1924 
Sept.  30, 1925 
July    16,1924 
Sept.  30, 1925 
Aug.   10,1925 
Sept.  22, 1926 
do.-..     _. 

H-13                           -     

H-16 

June  12, 1922 

H-16 

H-16                                  

H-21 

H-22 

Sept.  19, 1924 

Nov.  22, 1924 

11-23                                   -                  

H-27 

11-27 

H-31 

H-31 

H-37 

H-37 

H-39 

H-39                 -          

Sept.  21, 1927 
Oct.      5, 1927 
do...- 

11-49 

H-52 

H-53                              -  -  - 

do 

H-65 

Sept.    7,1927 
Oct.      5, 1927 
Sept.    7,1927 
Sept.  30, 1925 
Sept.  10,1926 

June  22,1927 

H-48.       

H-58 

July   27,1927 
Sept.  10, 1925 

n-218 

Nov.  19,1925 

H-218 

Nov.    5,1926 

In  10  of  the  29  conceptions  listed  in  Table  11  the  cows  were  first 
bred  while  still  on  pasture.  Eighteen  conceptions  occurred  on  first 
service,  and  only  three  cows  required  a  second  service  after  being 
removed  from  pasture. 

EFFECT  OF  PASTURE  ALONE  ON  MAINTENANCE  OF  BODY  WEIGHT  AND  MILK  FLOW 

To  determine  the  effect  of  pasture  alone  on  body  weight  and  milk 
flow,  a  tabulation  was  made  of  the  weights  of  23  cows  and  the  milk 
flow  of  18  cows,  kept  on  pasture  from  May  15  to  September  1,  a 
period  of  16  weeks.  These  cows  received  no  supplemental  feeds 
while  on  pasture.  Table  12  shows  the  average  weights  and  milk 
production  during  this  period. 

Table  12. — Average  weights  of  23  cows  and  average  milk  production  of  18  cows  on 

pasture  16  weeks 


Period 

Average 
weight 

Average 
milk  pro- 
duction 

Period 

Average 
weight 

Average 
milk  pro- 
duction 

Tipfnrfi  TJfli^t.nrfi 

Pounds 
1.091 
1,096 
1,108 
1,124 
1,132 
1,134 
1,132 
1,131 
1,131 

Pounds 

Ninth  week  .           .  

Pounds 
1,122 
1,113 
1,131 
1,121 
1,134 
1,121 
1,133 
1,148 

Pounds 

157 

First  week 

206 
211 
201 
196 
189 
181 
175 
166 

Tenth  week 

156 

Second  week 

Eleventh  week 

163 

Third  week 

Twelfth  week 

165 

Thirteenth  week 

152 

Fifth  week 

Fourteenth  week.. 

141 

Sixth  week 

Fifteenth  week.. 

144 

Sixteenth  week 

137 

Eighth  week 
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Table  12  shows  that  the  23  cows  maintained  a  remarkably  uniform 
weight  throughout  the  16  weeks.  In  the  case  of  the  18  cows,  the 
decline  in  milk  flow  up  to  the  twelfth  week  was  perhaps  no  more  rapid 
than  was  to  be  expected  with  an  advance  of  12  weeks  in  lactation. 
The  production  of  the  twelfth  week  was  80  per  cent  of  that  of  the 
first  week.  During  the  last  four  weeks,  however,  the  decline  in  milk 
flow  was  more  rapid,  probably  due  to  a  large  extent  to  the  slower 
growth  of  the  grass  as  shown  by  the  weight  of  grass  clipped  at  regular 
intervals  throughout  the  season  from  a  fenced  area  of  the  pasture. 
Heat  and  flies  and  the  fact  that  some  of  these  cows  were  far  advanced 
in  their  lactation  period  probably  were  contributing  causes. 

FEEDING  EXPERIMENTS 

The  following  feeding  experiments  have  been  conducted:  (1)  The 
effect  of  three  planes  of  feeding  on  milk  production;  (2)  the  effect  of 
sunflower  silage  on  milk  production;  and  (3)  the  effect  of  sprouted 
oats  on  breeding  troubles. 

THREE   PLANES  OF  FEEDING 

The  following  experiment  was  conducted  to  compare  the  effect  of 
three  planes  of  feeding  on  milk  production  and  on  the  economy  of 
production:  (1)  Cows  were  fed  roughage,  consisting  of  alfalfa  hay, 
corn  silage,  roots,  and  irrigated  tame-grass  pasture,  and  1  pound  of  a 
standard  grain  mixture  for  each  3  pounds  of  milk  produced  daily 
(full  grain  ration);  (2)  the  same  cows  were  fed  the  same  kinds  of 
roughages  with  1  pound  of  grain  mixture  to  each  6  pounds  of  milk 
produced  (limited  grain  ration);  and  (3)  the  same  cows  were  fed  the 
above  roughages  but  received  no  grain  (roughage  ration).  The 
records  were  for  365  days  and  were  all  made  under  the  semiofficial 
test  regulations  of  the  Holstein-Friesian  Association  of  America.  Ten 
cows  have  completed  yearly  records  on  the  three  rations. 

The  records  in  this  experiment  were  not  made  concurrently.  When 
a  cow  freshened  she  was  started  on  one  of  the  rations.  If  she  had 
completed  a  year's  record  on  limited  grain,  at  the  next  freshening  she 
was  put  on  the  full  grain  or  on  the  roughage  ration,  and  so  on  until 
she  had  completed  records  on  the  three  different  planes  of  feeding. 

In  conformity  with  the  plan  followed  in  the  breeding  projects  of  this 
bureau,  all  cows  are  given  an  official  test  on  a  full  grain  ration  and 
milked  three  times  a  day  throughout  the  year.  The  production 
record  thus  made  is  used  in  the  inheritance  studies  as  the  animal's 
producing  capacity.  In  the  field  station  herds  this  record  is  obtained 
when  possible  when  the  animal  is  2  years  old,  in  order  to  make  more 
certain  the  obtaining  of  the  record  while  the  animal  is  physically 
sound.  Then,  too,  if  the  record  is  delayed  it  may  not  be  obtained  at 
all  on  account  of  death  or  injury  to  the  animal.  This  record  has  been 
used  in.  the  three  planes  of  feeding  experiment  as  the  full-grain  phase. 

In  view  of  the  above  practice  the  record  on  full  grain  was  usually 
obtained  before  the  records  on  roughage  and  limited  grain.  Since  the 
record  on  full  grain  was  made  by  cows  milked  three  times  a  day,  the 
cows  making  records  on  limited  grain  and  roughage  were  also  milked 
three  times  a  day  in  order  to  make  all  the  records  comparable. 

Table  13  gives  the  production  records,  the  feed  consumption,  and 
other  data  for  the  10  cows  on  each  of  the  three  phases  of  the 
experiment. 
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Table  13  shows  that  good  results  were  obtained  from  the  feeding  of 
roughage  alone.  Two  cows  produced  more  than  500  pounds  of  butter- 
fat  each  without  receiving  any  grain  throughout  the  year.  The  cows 
on  the  limited  grain  ration  also  gave  good  returns,  averaging  16,407 
pounds  of  milk  and  576  pounds  of  butterfat. 

In  considering  these  results,  three  possible  sources  of  error  should 
be  taken  into  account.  One  is  that  largely  because  of  the  need  of 
obtaining  records  under  the  most  favorable  conditions  for  the  heredi- 
tary studies,  most  of  the  first  records  were  made  on  the  full-grain  ra- 
tion, only  three  of  the  animals  being  mature  when  these  records  were 
made.  No  attempt  was  made  to  correct  the  records  for  age  because 
of  the  impossibility  of  making  the  same  correction  for  feed  consump- 
tion with  any  degree  of  accuracy.  Consequently,  the  records  made  of 
animals  on  roughage  and  limited  grain  have  the  advantage  of  the 
greater  age  of  the  animals  and  of  any  development  that  may  have 
taken  place.  Then,  too,  there  is  the  possibility  of  a  carry-over  effect 
from  the  full  grain  ration  on  the  records  made  when  the  animals  were 
on  roughage. 

To  determine  the  extent  of  the  error,  the  records  of  the  cows  lately 
started  on  this  experiment  are  made  in  a  different  order.  One  heifer 
2  years  7  months  of  age  at  the  beginning  of  the  experiment  recently 
finished  her  first  lactation  year  on  a  limited  grain  ration.  She  con- 
sumed 2,345  pounds  of  grain  mixture,  5,896  pounds  of  alfalfa  hay, 
9,794  pounds  of  corn  silage,  and  was  on  pasture  136  days.  Her  average 
weight  for  the  year  was  1,153  pounds.  She  produced  14,711  pounds 
of  milk  and  477.54  pounds  of  butterfat,  the  equivalent  of  596  pounds 
of  butterfat  when  correction  was  made  for  age.  This  record  compares 
favorably  with  the  average  of  576  pounds  of  butterfat  made  by  the 
10  mature  cows  on  the  limited  grain  ration. 

The  second  source  of  error  is  the  possibility  of  a  carry-over  effect 
from  the  full-grain  ration  on  the  records  made  when  the  animals 
were  on  roughage.  To  determine  the  extent  of  this  error,  a  study  was 
made  of  the  records  of  three  cows  on  the  roughage  ration  that  either 
preceded  a  full  grain  ration  or  followed  a  hmited  grain  ration.  The 
results  are  shown  in  Table  14. 

Table  14. — Production  and  feed  consumption  of  three  cows  on  a  roughage  ration 
which  either  preceded  a  full  grain  ration  or  followed  a  limited  grain  ration 


Ration 

Age 

Weight 

Production 

Feed  consumption 

Cow 

Years 

Months 

Milk 

Butter- 
fat 

Pas- 
ture 

Grain 

Hay 

Silage 

Beets 

H-19 
218 

204 

Full  grain 

Limited  grain 

Roughage 

'Full  grain .""]]]^ 
Limited  grain — 
Roughage 

'Full  grain 

2 
3 
5 
7 
9 
10 
11 

I 

5 
10 

1 

I 

3 
5 
3 
11 

Pounds 
1,200 
1,309 
1,292 
1,410 
1,552 
1, 604 
1,498 
1,236 
1,424 

Pounds 
16,887 
17,754 
16,755 
14,  926 
23,717 
20,  892 
17,815 
14,  210 
25,  499 

Pounds 
547 
559 
549 
453 
713 
627 
526 
470 
823 

Days 
138 
151 
140 
127 
125 
138 
115 
140 
130 

Pounds 
4.  566 

2,877 

"'6,"  685" 
3,  364 

"7,"  725" 

Pounds 
4. 923 
(),  804 
6.  790 
5,  928 
4,203 
5,  752 
8,616 
9,014 

10,068 

Pounds 
10,  158 
10,  330 
10,439 
14.271 
13.885 
14,825 
13,764 
8,985 
8,535 

Pounds 
660 

"""I,"  085 
1,984 
1,598 
1,230 

""4,"  725 
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It  will  be  noted  that  the  record  made  by  cow  H-19  while  on 
roughage  was  practically  the  same  as  her  record  made  when  2  years 
of  age  on  full  grain.  She  had  an  average  weight  of  1,200  pounds 
during  her  first  lactation  period;  this  is  somewhat  greater  than  the 
average  of  2-year-olds.  Her  average  weight  at  5  years  of  age,  when 
on  the  roughage  ration,  was  only  92  pounds  greater  than  her  average 
weight  as  a  2-year-old.  This  represents  an  increase  of  only  8  per 
cent,  which  is  considerably  less  than  the  usual  increase  in  body  weight 
between  these  two  ages.  Her  average  weight  when  5  years  of  age  was 
practically  the  same  as  it  was  when  she  was  on  the  limited  grain 
ration,  which  was  started  when  she  was  3  years  10  months  old. 
Evidently  she  was  just  about  able  to  maintain  her  weight  on  roughage 
and  probably  did  not  make  the  usual  gain  on  limited  grain. 

The  records  of  cow  218  are  of  exceptional  interest  because  2  were 
made  on  roughage,  1  prior  to  a  record  on  full  grain  and  1  following  a 
record  on  limited  grain,  and  because  all  4  records  were  made  after 
the  age  of  7  years  7  months.  The  last  record  of  this  cow  is  the  second 
largest  record  made  on  roughage  at  Huntley. 

Although  cow  H-19  consumed  approximately  the  same  quantity 
of  hay  and  silage  on  limited  grain  and  roughage  rations,  cow  218  con- 
sumed 2,864  pounds  more  alfalfa  hay  on  the  roughage  ration  than  on 
the  limited  grain  ration.  This  difference  partially  made  up  for  the 
loss  of  the  3,364  pounds  of  grain  and  the  1,230  pounds  of  beets  she 
had  had  on  the  previous  limited  grain  ration.  Her  last  record  made 
on  roughage  is  the  more  remarkable  because  she  was  1 1  years  5  months 
of  age  when  the  record  started.  During  the  period  of  these  four 
records  she  was  quite  a  regular  breeder.  She  was  not  bred  at  any 
time  until  five  months  after  freshening  in  order  to  give  her  time  for 
a  dry  period  after  the  year's  record  was  completed.  Cow  H-19  made 
the  largest  butterfat  record  on  roughage  that  has  been  made  at  Hunt- 
ley, and  that  record  was  made  following  a  record  on  hmited  grain. 

Cow  204  had  no  limited  grain  ration ;  her  first  record  was  made  on  the 
roughage  ration. 

From  the  fact  that  the  two  highest  records  on  roughage  alone  were 
made  following  records  on  a  limited  grain  ration,  it  is  probable  that 
the  carry-over  effect  of  a  prior  full  grain  ration  was  not  the  cause  for 
the  good  showing  of  the  group  while  on  the  roughage  ration. 

The  third  possible  source  of  error  in  interpreting  the  data  in  Table 
14  is  that  the  nutrients  obtained  from  pasture  are  not  included. 
There  is  no  accurate  method  of  determining  the  quantity  of  grass 
that  an  individual  cow  will  consume.  The  report  given  on  page  9 
shows  that  the  cows  on  limited  grain  and  on  full  grain  grazed  from  14 
to  18  per  cent  less  time  than  did  those  receiving  only  roughage.  In 
order  to  determine  whether  the  cows  on  the  roughage  ration  obtained 
more  nutrients  from  pasture  than  did  the  cows  on  the  other  rations,  a 
compilation  was  made  of  the  milk  and  butterfat  production  and  the 
feed  consumption  of  the  10  cows  on  the  different  rations  during  the 
months  in  which  they  received  no  pasture.  These  data  are  given  in 
Table  15. 
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Table  15. 


-Production  and  feed  consumption  of  10  cows  on  three  planes  of  feeding 
when  not  on  pasture 


ROUGHAGE  RATION 


c 
o 

1 

Production 

2 

a 

a 
o 

1 

1 

I 
1 
1 

0 

pq 

s 

! 
! 

Total  digestible  nutrients 

Cow 

1 
1 

O 

1 

Excess  or 
deficiency 

H-1 - 

H-2 

No. 
212 
212 

Lbs. 

7,472 

8,996 

5,206 

4,791 

6,637 

7,667 

7.300 

Lbs. 

313.5 

302.3 

194.1 

178.8 

300.2 

262.3 

231.1 

353.6 

286.2 

246.5 

Lbs. 
None. 
None. 
None. 
None. 
None. 
None. 
None. 
None. 
None. 
None. 

Lbs. 

5.862 

4,800 

3,283 

3,676 

3,718 

3,505 

3,279 

5,347 

4,741 

5,949 

Lbs. 

6,840 

8,001 

ll!  531 
9,972 
9,251 
5,736 
8,067 
9,842 
9,505 

Lbs. 

"""252 

8 

Lbs. 

2,745 

1,010 

us. 

Lbs. 

-217 
-62 
108 
111 
-79 
-175 
-46 
42 
-68 
153 

Lbs. 

4,619 

4,034 

3,544 

3,993 

4,139 

3,902 

2,806 

4,338 

4,476 

4,752 

Lbs. 

4,728 

4,560 

3,330 

3,596 

4,211 

4,122 

3,579 

5,241 

4,605 

4,585 

Lbs. 

-109 

-526 

214 

397 

-72 

-220 

-773 

-903 

-129 

167 

P.ct. 
-2.3 
—11  5 

H-3 

H-4-... 

H-6 

H-9 

H-13    - 

182 
212 
212 
192 
150 

660   1,167 

395    1,300 

1,970   1,008 

1,970   1,207 

705|  1,265 

1,085    1.268 

6.4 

11.0 

-1.7 

-5.3 

—21  5 

H-19 

21210.807 

—17  2 

H-2li 

212 
212 

8,545 
8,639 

2,030 

1,274 
1,482 

-2.8 

H-218 

3  6 

Average... 

201 

7,606 

266.9 

4,416 

8,867 

51 

1,257 

1,240 

-23 

4,060 

4,255 

-195 

-4.6 

LIMITED  GRAIN  RATION 


n-1 

H-2 

212  9,197 
212   9,765 
212   8,358 
212:  7,810 
212!  7,938 
212i  7,612 
19210,960 
212:  9,826 
188^  7,882 
21210,935 

348.9 
319.0 
342.6 
271.3 
369.4 
294.3 
362.8 
312.3 
259.0 
334.3 

1,515 
1,  625 

4,145 

4.747 

11,  032 

7,254 
9.771 
6,360 
11, 181 
11, 175 
6,780 
7,108 
9,990 
9,235 

780 

1,476 
1,203 
1,280 
1,408 
1,072 
1,362 
1,295 
1,296 
1,325 
1, 607 

57 
60 
38 
165 
97 
159 
-42 
129 
116 
120 

5.333 

4,948 
4,962 
4,850 
4,830 
4,  839 
5.276 
5,098 
4,590 
5,382 

5,276 
4,868 
4,955 
4,588 
4,829 
4,653 
5,149 
4,913 
4,195 
5,475 

57 

80 

7 

262 

1 

186 

127 

185 

395 

-93 

1.1 
1.6 

H-3 

1,349   4.036 

1,010 

.14 

H-4 

1,273 
1,274 
1,234 
1,804 
1,615 
1,259 
1,841 

5,373 
3,476 
3,554 
5,285 
5,101 
3,420 
4,261 

5.7 

H-6 

H-9 

H-13 

750 
750 

.02 
4.0 
2.5 

H-19 

3.8 

H-211 

14 

750 
1,230 

9.4 

H-218 

-1.7 

Average... 
Average'.. 

207!  9,028 
201!  8,766 

! 

321.4 
312.1 

1,479 
1,436 

4,340 
4,214 

8,989 

8,728 

1.4 
1.3 

527 
512 

1,333 
1,333 

90 

87 

5,011 
4,866 

4,890 

4,748 

121 
117 

2.4 

FULL  GRAIN  RATION 


H-1      

212 
212 
212 
181 
212 
212 
163 
212 
182 
212 

7,661 
9,235 
7,267 
5,475 
8,494 
8,  563 
6,650 
9,117 
10,  308 
14,  091 

270.9 
306.8 
305.6 
208.3 
365.2 
312.  5 
231.0 
295.4 
336.3 
455.8 

2,968 
3,096 
2,615 
2,124 
2,981 
2,981 
2,282 
2,621 
3,192 
4,578 

5,954 
3,  082 
5,043 
3,164 
5,119 
5,521 
2,778 
3,696 
5,535 
3,009 

5,080 
7,207 
6,566 
5,370 
6,797 
6,692 
4,870 
7,214 
6,215 
12,  255 

""223 

""576 

""598 
""""86 

3,810 
1,970 
2,905 

"2,"  905 
2,870 
160 
660 
3,530 
1,598 

1,500 

95 
4 
-14 
181 
107 
201 
134 
97 
46 
210 

6,725 
5,617 
6,127 
4,252 
6,481 
6,664 
4,452 
5,236 
6,838 
7,431 

4,660 
4,549 
4,533 
3,548 
4,834 
4,770 
3,503 
4,682 
4,775 
6,461 

2,065 
1,068 
1,594 

704 
1,647 
1,894 

949 

554 
2,063 

970 

44.3 

n-2 

1,041 
1,208 
1,293 
1,027 
1,262 
1,122 
1,228 
1,237 
1,535 

23.4 

H-3 

35.1 

H-4 

H-6 

19.8 
34.1 

H-9 

39.7 

H-13 

27.1 

n-19 

11.8 

H-211 

43.2 

H-218 

15.0 

Average... 

201 

8,686 

308.8 

2,943 

4,290 

6,826 

148 

2,041 

1,246 

106 

5,982 

4,631 

1,351 

29.2 

1  This  average,  calculated  to  a  201-day  basis  from  the  actual  average  for  the  207  days,  is  inserted  to  show 
a  direct  comparison  of  the  results  obtained  from  all  3  rations  on  a  201-day  basis. 

Table  15  brings  out  some  very  interesting  points.  When  on  a 
roughage  ration  with  no  pasture,  the  10  cows  failed  by  a  small  margin 
to  consume  sufficient  nutrients  to  meet  their  requirements.  They 
also  lost  in  weight  an  average  of  23  pounds.  Only  4  of  the  10  cows 
gained  in  weight.  It  is  rather  remarkable  that  the  quantity  of  milk 
and  butterfat  produced,  the  loss  or  gain  in  body  weight,  and  the 
excess  or  deficiency  in  total  digestible  nutrients  over  the  requirements 
do  not  bear  a  closer  relationship.  For  example,  cow  H-19,  the 
largest  butterfat  producer  on  the  roughage  ration,  gained  42  pounds 
in  weight  and  failed  by  17.2  per  cent  to  consume  sufficient  nutrients 
to  meet    her   requirements;  whereas  cow  H-1,   the  second-highest 
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producer,  lost  217  pounds  and  failed  by  only  2.3  per  cent  to  consume 
sufficient  nutrients. 

Tlie  cows  on  ttie  limited  grain  ration  gained  an  average  weight  of 
90  pounds  and  consumed  an  average  excess  of  only  2.4  per  cent  of 
nutrients  over  requirements.  Only  1  cow,  H-13,  lost  in  weight,  and 
this  cow  consumed  an  excess  of  nutrients  over  her  requirements. 
Only  1  cow  of  the  10  failed  to  consume  sufficient  nutrients.  The 
cows  on  this  ration  appear  to  have  consumed  sufficient  nutrients  to 
gain  a  little  weight  and  to  produce  well  up  toward  their  capacity. 

The  cows  on  the  full  grain  ration  did  not  make  much  larger  gains 
in  body  weight  than  did  the  cows  on  the  limited  grain  ration.  It 
appears  that  they  wasted  feed,  the  excess  of  nutrients  consumed  over 
their  requirements  for  body  maintenance  and  milk  production 
amounting  to  29  per  cent. 

The  total  digestible  nutrients  consumed  over  maintenance  by  the 
three  groups  in  the  201  days  per  1,000  pounds  of  milk,  are  as  foUows: 
Full  grain  ration,  476  pounds;  limited  grain  ration,  335  pounds;  and 
roughage  ration,  292  pounds.  The  income  per  cow  over  cost  of  feed 
was  $72.77  for  the  full  grain;  $101.38  for  the  limited  grain;  and  $95.90 
for  the  roughage  ration.  The  amount  of  dry  matter  consumed  per 
pound  of  butterfat  produced  was  as  follows:  FuU  grain,  28.4  pounds; 
limited  grain,  24.1  pounds;  and  roughage,  24.6  pounds. 

The  production  of  these  10  cows  on  the  three  different  planes  of 
feeding  in  the  months  in  which  they  received  no  pasture  was  nearly 
the  same  as  it  was  in  the  remainder  of  the  year,  when  pasturage  made 
up  the  greater  part  of  their  roughage.  The  number  of  days  in  the 
months  in  which  they  received  no  pasturage  averaged  201,  which  is 
55  per  cent  of  the  entire  year.  During  these  nonpasture  months  the 
cows  when  on  full  grain  produced  56  per  cent  of  their  total  yield  for 
the  entire  year;  on  the  limited  grain  they  produced  54  per  cent;  and 
on  the  roughage  ration  they  produced  57  per  cent.  This  indicates 
that  on  the  average  the  cows  when  on  the  three  different  planes  of 
feeding  produced  at  about  the  same  rate  on  pasture  as  on  hay  and 
silage.  When  the  cost  of  feeds  and  the  returns  for  butterfat  and 
skim  milk  were  calculated  at  the  Huntley  prices,  the  cows  were  the 
most  profitable  when  on  the  limited  grain  ration.  However,  there 
was  only  a  narrow  margin  of  profit  between  the  limited  grain  ration 
and  the  ration  of  roughage  alone.  The  cows  on  full  grain  were  the 
least  profitable.  In  localities  where  liigh  prices  are  received  for 
whole  milk  and  sweet  cream,  the  same  ratio  of  profit  between  the  three 
rations  woidd  probably  not  prevail. 

The  important  point  brought  out  by  this  investigation  is  that 
where  roughages  of  the  right  quality  are  available,  cows  of  more  than 
average  producing  ability  have  sufficient  capacity  to  consume 
enough  nutrients  from  roughage  alone  to  meet  their  requirements; 
and  where  cows  are  allowed  all  the  roughage  they  will  consume  and 
grain  at  the  rate  of  1  pound  to  each  3  pounds  of  milk  produced, 
nutrients  greatly  in  excess  of  their  requirements  will  be  consumed 
and  wasted. 

The  criticism  may  be  made  that  the  data  given  are  obtained  from 
too  small  a  number  of  cows  to  make  them  significant.  Table  16 
gives  the  average  production  of  all  cows  at  Huntley  that  have  com- 
pleted one  or  more  records  on  these  three  planes  of  feeding.  The  last 
column  shows  the  butterfat  production  calculated  to  maturity. 
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Table  16. — Average  production  of  cows  that  have  completed  records  on  one  or  more 

planes  of  feeding 


Cows 


Eation 


Milk 
production 


Butterfat 
production 


Age 


Years  Months 


Butterfat 
production 

calculated 
to  maturity 


Num- 
ber 
42 
13 
15 


Full  grain 

Limited  grain 
Roughage 


Pounds 
14, 868. 1 
16,  200.  5 
13,  032.  8 


Pounds 
519.  08 
566.  86 
452.  88 


Pounds 
613.4 


465.3 


The  averages  for  all  cows  that  have  completed  records  on  one  or 
more  planes  are  somewhat  lower  than  those  of  the  10  cows  that  have 
completed  records  on  all  three  planes  of  feeding.  (Table  13.)  On 
the  full  grain  ration  the  difference  between  the  average  butterfat 
production  of  the  42  cows  and  that  of  the  10  cows  is  25  pounds;  on 
the  limited  grain  ration  the  difference  between  the  butterfat  produc- 
tion of  the  13  cows  and  the  10  cows  is  9.6  pounds;  and  on  the  roughage 
ration  the  difference  between  the  average  butterfat  production  of 
the  15  cows  and  the  10  cov/s  is  11  pounds.  The  averages  for  the 
larger  number  of  cows  are  somewhat  more  favorable  to  the  limited 
grain  and  roughage  rations  than  are  the  averages  for  the  10  cows. 

SUNFLOWER-SILAGE   EXPERIMENT 

The  Montana  Agricultural  Experiment  Station  at  Bozeman,  Mont., 
found  in  1916-17  that  3.75  pounds  of  sunflower  silage  was  equal  in 
feeding  value  to  1  pound  of  choice  alfalfa  hay.  In  1917-18  it  found 
that  2.83  pounds  of  sunflower  silage  was  equal  in  feeding  value  to 
1  pound  of  alfalfa  hay  when  fed  to  cows  receiving  grain  and  a  limited 
hay  ration. 

An  experiment  was  started  at  the  Huntley  Field  Station  to  deter- 
mine the  relative  feeding  value  of  sunflower  silage  and  corn  silage 
for  milk  and  butterfat  production.  This  experiment  was  conducted 
with  eight  cows.  These  cows  were  divided  into  two  groups  as  nearly 
alike  as  possible  in  age,  milk  production,  and  stage  of  lactation. 
Over  three  periods  of  40  days  each,  they  were  fed  approximately  2 
pounds  of  hay  for  each  100  pounds  of  live  weight  and  as  much  sun- 
flower silage  during  one  period  and  corn  silage  during  the  next  period 
as  they  would  consume  and  still  clean  up  practically  all  the  hay  fed 
to  them,  the  two  groups  being  alternately  fed  the  sunflower  silage. 

The  hay  was  of  good-quality  alfalfa  of  second  and  third  cutting. 
The  corn  silage  was  of  good  quality,  made  from  corn  that  produced 
50  bushels  of  grain  per  acre.  The  sunflowers  were  harvested  when 
one-fourth  to  one-half  in  bloom,  with  a  few  mature  heads,  and 
having  a  green  weight  of  29  tons  per  acre.  This  silage  was  of  a 
dark  color  and  of  a  rather  strong  odor  and  flavor,  rendering  it  very 
unpalatable.  Chemical  analysis  made  by  the  Montana  station 
showed  that  the  sunflowers  grown  at  the  Huntley  station  were  lower 
in  sugar  and  of  a  higher  protein  content  than  sunflowers  grown  at 
Bozeman.  This  difference  in  composition  permitted  a  putrefactive 
protein  decomposition  and  the  formation  of  large  quantities  of 
butyric  acid.  Because  of  the  unpalatable  nature  of  the  sunflower 
silage  the  cows  would  not  eat  it  readily,  the  average  consumption 
being  13.4  pounds  per  cow  per  day  less  than  that  of  the  corn  silage. 
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During  each  period  of  sunflower  feeding  the  cows  consumed  an 
average  of  1,640.4  pounds  sunflower  silage  and  1,839.2  pounds  alfalfa 
hay.  They  produced  1,635.4  pounds  milk  containing  60.9  pounds 
butterfat.  They  lost  on  an  average  73.4  pounds.  When  the  same 
cows  were  fed  corn  silage  and  alfalfa  hay  they  consumed  2,845.8 
pounds  corn  silage  and  1,829.2  pounds  alfalfa  hay  and  produced 
2,187.8  pounds  milk  containing  75.06  pounds  butterfat.  They 
gained  on  an  average  31  pounds.  The  cows  consumed  1,205.4  pounds 
more  corn  silage  than  sunflower  silage.  When  fed  corn  silage  they 
consumed  10  pounds  less  hay  but  produced  552.4  pounds  more  milk 
and  14.16  pounds  more  butterfat. 

The  results  of  this  experiment  indicate  that  for  niilk  and  butterfat 
production  corn  silage  is  superior  to  the  sunflower  silage  produced  at 
the  Huntley  Field  Station.  This  may  be  due  partly  to  a  difference 
in  composition  of  the  locally  grown  sunflowers  and  those  grown 
elsewhere,  resulting  in  a  less  palatable  silage. 

EFFECT  OF  FEEDING  SPROUTED  OATS  ON  BREEDING  TROUBLES 

Some  difficulty  has  been  experienced  at  the  Huntley  station  in 
getting  first-calf  heifers  to  conceive.  These  heifers  had  been  on 
pasture  only  about  two  months  during  their  first  two  years,  though 
this  may  not  have  been  the  cause  of  their  difficulty  in  breeding.  On 
account  of  favorable  results  obtained  in  experiments  conducted  by 
the  bureau  at  its  Beltsville  station  in  the  feeding  of  sprouted  oats  to 
overcome  some  forms  of  sterifity,  germinated  or  sprouted  oats  were 
fed  to  the  Huntley  heifers.  Tables  17,  18,  and  19  give  data  that 
have  been  obtained  on  three  heifers  and  on  two  cows  in  regard  to 
overcoming  difficulty  in  breeding. 

Table  17. — Results  of  feeding  sprouted  oats  to  three  heifers  with  Ireeding  difficulty 


Item  of  comparison 


Number  services  before  sprouted-oats  feeding 

Number  months  from  first  to  last  service 

Age  when  first  served,  months 

Number  days  sprouted  oats  were  fed  l)efore  conception 
Number  services  after  sprouted-oats  feeding 


Heifer 


43 


Table  18. — Results  of  feeding  sprouted  oats  to  two  cows  with  breeding  difficulty 


Item  of  comparison 


Cow 


26        34 


Number  calves  prior  to  sprouted-oats  feeding 

Number  services  since  last  calf -. 

Number  months  since  last  calf 

Number  days  sprouted  oats  were  fed  before  conception 
Niunber  services  after  sprouted-oats  feeding 


It  will  be  noted  that  the  three  heifers  conceived  on  the  first  service 
following  sprouted-oats  feeding  after  having  been  previously  bred 
from  four  to  nine  times  without  success.  Table  19  shows  the  date  of 
first  service,  the  date  that  feeding  of  oats  was  started,  and  the  date 
of  conception  for  the  three  heifers  and  two  cows. 
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Table   19.—Dates  of  first  service,  start  of  sprouted  oats  feeding,  and  conception  of 

three  heifers  and  two  cows 


Animal 

Date  of  first 
service 

Date  of  start 
of  sprouted 
oats  feeding 

Date  of  con- 
ception 

Heifer: 

n-43 

Dec.  30,1925 
Jan.      3, 1926 
May  24, 1926 

July    14, 1927 
Aug.   14,1926 

Nov.    2,1926 
Dec.   20,1926 
Feb.   27,1927 

Aug.     7, 1927 
Dec.   23,1926 

Nov.  17, 1926 
Jan.      7, 1927 
Apr.     5, 1927 

Aug.  30,1927 
Jan      14  1927 

H-44 

H-51.   

Cow: 

H-34 

H-26  1 

1  This  cow  was  in  heat  more  or  lc33  continuously  until  December  22,  1926. 

Several  of  the  farmers  that  are  cooperating  with  the  Huntley 
station  have  been  successful  in  overcoming  sterility  in  cows  in  their 
herds  by  feeding  sprouted  oats. 

FACTORS   INFLUENCING    VARIATION   IN    WEIGHT    OF    DAIRY    COWS 

AND    CALVES 

Studies  have  been  made  at  this  station  of  the  changes  in  weight  of 
dairy  cows  during  pregnancy,  during  the  three  months  following 
calving,  and  immediately  preceding  and  immediately  following 
calving;  the  relation  between  size  and  age  of  dam  and  size  of  calf; 
and  growth  of  Holstein-Friesian  heifers  from  birth  to  2  years  of  age. 

CHANGES  IN   WEIGHT  OF   COWS  DURING   PREGNANCY 

To  determine  the  influence  of  pregnancy  upon  the  weight  of  cows 
in  the  Huntley  herd,  53  cows  were  weighed  on  the  date  of  service 
and  for  two  consecutive  days  of  each  month  after  conception  until 
the  calf  was  dropped.  They  were  also  weighed  for  seven  days  previous 
to  calving,  on  the  day  of  calving,  and  on  the  day  after  calving. 

Table  20  gives  the  average  weights  of  the  cows  at  different  periods. 
The  average  age  of  these  cows  was  5  years  3  months.  The  average 
weight  of  the  calves  at  birth  was  97  pounds. 

Table  20. — Average  weight  of  53  cows  during  pregnancy 


Item 

Weight 
on  date 
of  serv- 
ice 

Weight  at  stated  months  during  pregnancy — 

Weight 
at  time 
of  calv- 
ing 

Weight 
one 

day 

1 

2 

3 

4 

5 

6 

7 

8 

9 

after 
calving 

Average  weight,  pounds 

Average  increase  over  weight 
at  time  of  service,  pounds 

1,150 

1,162 

12 

1.04 

1,177 

27 

2.34 

1.29 

1,201 

51 

4.43 

2.04 

1,224 

74 

6.43 

1.91 

1,263 

113 

9.83 

3.18 

1,295 

145 

12.61 

2.53 

1,335 

185 

16.08 

3.09 

1,381 

231 

20.08 

3.44 

1,423 

273 

23.73 

3.04 

1,435 

285 
24.78 

1,280 

Per  cent  increase  over  weight 
at  time  of  service 

Per  cent  increase  over  previous 
month     

The  total  average  increase  in  weight  from  the  date  of  service  to  the 
date  of  calving  was  285  pounds,  of  which  130  pounds  was  due  to  the 
increase  in  body  weight  as  indicated  by  the  difference  in  the  average 
weight  on  the  date  after  calving  and  the  weight  on  the  date  of  service. 
The  difference  between  285  pounds  and  130  pounds,  or  155  pounds, 
covers  the  weight  of  the  calf,  the  placental  membranes,  and  the 
amniotic  fluids.  Since  the  average  weight  of  the  calves  was  97  pounds, 
the  weight  of  the  placenta  and  amniotic  fluid  was  58  pounds.     In 
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the  case  of  a  Jersey  cow  slaughtered  by  Eckles  ^  just  previous  to 
parturition,  the  amniotic  fluid  weighed  32.7  pounds  and  the  placenta 
18.3  pounds,  a  total  of  51  pounds.  The  calculated  weight  of  58 
pounds  as  the  average  weight  of  placenta  and  amniotic  fluid  from  the 
53  Holstein-Friesian  cows  in  this  study  agrees  quite  closely  with  the 
actual  weight  obtained  by  Eckles  when  the  difference  in  size  of  the 
two  breeds  is  considered. 

With  58  pounds  as  the  weight  of  the  amniotic  fluid  and  placenta 
and  97  pounds  as  the  average  weight  of  the  calves,  the  ratio  of  the 
weight  of  the  amniotic  fluid  and  placenta  to  the  weight  of  the  fetus 
at  the  end  of  gestation  is  1  to  1.67. 

Table  20  shows  the  average  increase  in  weights  of  these  53  cows 
during  each  month  of  pregnancy.  It  would  be  interesting  to  know 
what  part  of  this  increase  in  weight  is  due  at  the  various  stages  of  preg- 
nancy to  the  weight  of  the  fetus,  the  placenta,  and  the  amniotic  fluid. 

Zangemeister  ^  has  compiled  the  actual  weights  of  the  human  fetus 
for  each  month  of  its  prenatal  growth.  Assuming  that  since  the 
period  of  gestation  for  persons  and  cattle  is  the  same  the  relative 
rate  of  growth  of  the  human  fetus  and  the  bovine  fetus  would  be  the 
same,  Hervey,^  by  the  use  of  Zangemeister's  figures,  has  calculated 
the  weight  of  the  bovine  fetus  by  months  from  the  average  birth 
weight  of  the  various  breeds.  His  weights  for  the  fetus  of  the  Hol- 
stein-Friesian breed  are  given  in  Table  21. 

Table  21. — Weight  of  Holstein-Friesian  fetus,  by  months 


Month 

Weight 

Month 

Vreight 

Month 

Weight 

1 
2 
3 

Pounds 

0.041 

.136 

1.117 

4 
5 
6 

Pounds 
4.783 
16. 25)8 
29.066 

8 
9 

Pounds 
42.612 
(i  1.  238 
97.  201 

If  these  figures  are  correct,  70  per  cent  of  the  total  growth  of  the 
fetus,  as  expressed  by  weight,  is  attained  in  the  last  one-third  of  the 
gestation  period.  A  few  actual  weights  of  fetuses  have  been  obtained 
at  the  Beltsville  station,  and  although  they  are  too  few  in  number  to 
offer  any  conclusive  evidence,  those  for  the  early  months  of  gestation 
are  even  less  than  the  weights  given  in  Table  21. 

It  is  probable  that  in  the  early  months  of  gestation  the  amniotic 
fluid  is  heavier  than  the  fetus.  Weights  of  the  amniotic  fluid  have 
been  obtained  in  two  cases  at  the  Beltsville  station.  In  the  first  case 
a  Jersey  cow  was  killed  on  the  ninety-second  day  after  conception, 
and  the  following  weights  were  obtained : 

Fetus pounds.  _     0.  31 

Fetal  membranes do 0.  31 

Amniotic  fluid do 2.  19 

In  the  second  case  a  Holstein-Friesian  cow  was  killed  seven  and 
one-half  months  after  conception.  The  fetus  was  malformed  and 
probably  had  not  attained  a  normal  growth.  The  weight  of  the 
fetus  was  28.75  pounds  and  that  of  the  amniotic  fluid  27.25  pounds. 

*  Eckles,  C.  H.    the  normal  growth  of  dairy  cattle.    Mo.  Agr.  Exp.  Sta.  Research  Bui.  36,  20  p., 
illus.     1920. 

5  Zangemeister,    W.    die    altersbestimmung    des   fotus    nachgraphischer   methode.    Ztschr. 
Geburtsh.    u.    Gynaekol.    69:  I'tO.     1911. 

6  Hervey,  G.  W.    growth  in  dairy  cattle.     (Unpublished  manuscript.) 
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These  figures  indicate  that  in  these  53  cows  very  Uttle  of  the  increase 
in  weight  in  the  first  half  of  the  gestation  period  was  due  to  the  weight 
of  the  fetus,  fetal  membrane,  and  amniotic  fluid. 

CHANGES  IN  WEIGHT  DURING  THE  FIRST  THREE  MONTHS  AFTER  CALVING 

To  determine  the  changes  in  weight  for  the  first  three  months  after 
calving,  59  cows  were  weighed  two  days  each  week  for  13  weeks.  The 
results  are  shown  in  Table  22. 

Table  22. — Changes  in  weight  of  cows  during  the  first  three  months  after  calving 


Period 

Average 
weight 

Increase 

or 
decrease 

Period 

Average 
weight 

Increase 

or 
decrease 

Pounds 
1,438 
1,278 
1,241 
1,221 
1,211 
1,216 
1,  205 
1,208 

Pounds 

Seventh  week 

Pounds 
1,210 
1,214 
1,212 
1,218 
1,220 
1,219 
1,222 

Pounds 

+2 
+4 
_2 

Weight  first  day  after  calving  L 

Eighth  week 

First  week 

-37 
-20 
-20 

+5 
-11 
+3 

Ninth  week 

Second  week. 

Tenth  week 

+6 

Third  week 

Eleventh  week 

+2 
— 1 

Fourth  week    ..  . 

Twelfth  week.     . 

Fifth  week. 

Thirteenth  week- 

+3 

Sixth  week 

1  The  average  weight  of  the  59  calves  at  birth  was  95.2  pounds. 

These  data  show  that  the  cows  lost  body  weight  until  the  end  of  the 
fifth  week  after  calving.  After  that  time  there  was  very  little  change 
in  body  weight.  The  greatest  loss  in  weight  occurred  during  the  first 
week  after  calving. 

CHANGES  IN  WEIGHT  OF  COWS  IMMEDIATELY  BEFORE  AND  AFTER  CALVING,  AND 
RELATION   OF  SIZE   OF  DAMS   TO    WEIGHT   OF   CALVES 

The  changes  in  weights,  immediately  preceding  and  immediately 
following  calving,  of  79  cows  grouped  according  to  their  ages  are 
shown  in  Table  23.  The  average  weights  of  the  calves  for  each  group 
are  also  shown. 

Table  23. — Changes  in  weight  immediately  before  and  after  calving  of  cows  grouped 
according  to  age,  also  the  average  weights  of  calves  from  these  groups 


Days 

Average  weight  of  cows  of  stated  ages 

Item 

2  years 

3  years 

4  years 

5  years 

6  years 
and  over 

Aver- 
age 

Before  calving 

10 
9 
8 
7 
6 
6 
4 
3 
2 
1 
1 
2 
3 
4 
5 
6 
7 

Pounds 
1,  341.  2 
1, 339.  7 
1,  342.  6 
1,  342.  6 
1,  349.  2 
1,  349.  7 
1,  349.  2 
1, 354. 0 
1, 357.  6 

1. 360. 0 
1, 199.  6 
1, 198.  6 
1, 185.  8 
1, 187.  4 
1, 174.  3 
1, 168.  7 

1. 165. 1 

Pounds 
1, 385. 1 
1, 389. 8 
1,  383.  4 
1,  393.  0 
1,  394.  4 
1,  392.  2 
1,  397.  0 
1,  399.  6 
1,  402.  3 
1, 402.  7 
1,  251.  5 
1,  224.  5 
1,  219. 1 
1,  218. 1 
1,213.3 
1,206.4 
1,  209.  4 

Pounds 
1, 452. 4 
1, 459. 6 
1,  456.  9 
1,  462. 1 
1,  458. 1 
1, 456.  6 
1, 460. 1 
1, 466. 1 
1, 463.  9 
1,  476. 1 
1,  302.  3 
1,  298.  2 
1,  289.  4 
1,281.8 
1,  276. 1 
1,  268.  9 
1,  262.  0 

Pounds 
1, 490. 7 
1,493.7 
1, 489.  7 

1. 488. 0 
1,492.0 

1. 494. 1 
1, 495. 1 
1,  487.  8 
1,  493. 4 
1,  503.  8 
1,  361.  1 
1,  345.  6 
1,317.9 
1,  323. 0 
1,  328.  2 
1,  326. 4 
1,321.6 

Pounds 
1, 546. 4 
1,553.0 
1, 550. 0 
1,  555.  5 
1,  550.  8 
1,  550.  9 
1,  551. 1 
1,  548.  6 
1,  549.  2 
1,  555.  9 
1,  399.  6 
1,  385. 1 
1,  379.  0 
1,  375.  0 
1,  368. 1 
1,  362.  5 
1,  353. 0 

Pounds 
1, 444. 8 
1, 447. 6 
1, 445.  7 
1,  447.  9 
1,  449.  6 
1, 449.  6 
1,450.9 
1,  452. 1 
1, 452.  7 
1,460.3 
1,  301.  6 
1,290.6 
1,  280.  6 
1,  278.  5 
1,  271.  7 
1,  266. 1 
1,  261. 0 

After  calving 

Differences  between  first  day  before  calving  and 
first  day  after  calving .. 

160.4 

92.0 

22 

151.2 

93.0 

11 

173.8 

97.9 

14 

142.7 

95.3 

9 

156.3 

96.2 

23 

158.7 

Average  birth  weight  of  calf  J. „ 

94.8 

Number  in  each  group 

79 

41  heifer  calves  averaged  91.1  pounds  at  birth,  and  38  bull  calves  averaged  98.7  pounds. 
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The  increase  in  weight  from  the  tenth  to  the  first  day  immediately 
preceding  calving  was  fairly  uniform  throughout  the  age  groups,  the 
average  increase  being  16  pounds.  There  was  a  greater  uniformity, 
however,  in  the  decrease  in  weight  from  the  first  to  the  seventh  day 
immediately  following  calving,  the  average  decrease  being  40  pounds 
for  the  different  age  groups. 

There  appears  to  be  no  relationship  between  the  loss  of  body  weight 
of  the  dams  or  the  size  of  the  calves  at  birth  and  the  age  of  the  dams. 
The  weights  of  the  calves  of  the  4-year-old  dams  are  somewhat  higher 
than  those  of  dams  at  other  ages;  but  this  is  due  in  part,  at  least,  to 
the  fact  that  of  the  14  calves  in  this  group  8  were  bulls,  with  an  average 
weight  of  102.4  pounds,  and  only  6  were  heifers,  with  an  average 
weight  of  92  pounds.  The  average  weights  of  the  calves  from  dams 
of  all  other  ages  are  remarkably  uniform. 

RELATION  OF  SIZE  OF  DAM   TO  SIZE  OF   CALF  AT   BIRTH 

The  average  birth  weights  of  89  calves,  47  of  which  were  heifers  and 
42  were  bulls,  are  given  in  Table  24. 

Table  24. — Relation  of  size  of  dam  to  size  of  calf  at  birth 


Heifer  calves 

Bull  calves 

Weight  group  of  dams 

Number 
in  group 

Average 
birth 
weight 

Number 
in  group 

Average 
birth 
weight 

Pounds 
900  to  999 

1 
7 
6 
13 
10 
6 
4 

Pounds 
65 
83 
89 
92 
93 
94 
89 

3 
6 

7 

1 

5 
4 

Pounds 

89 

1,000  to  1,099                                                                              

91 

1,100  to  1,199 

93 

1,200  to  1,299 

96 

1,300  to  1,399.- 

101 

1,400  to  1,499                                                                              

103 

1,500  to  1,599.. • 

99 

The  average  birth  weight  of  all  the  heifer  calves  was  90.2  pounds  and 
of  all  the  bull  calves  97.8. 

In  Table  24  the  dams  are  grouped  according  to  weights  without 
regard  to  their  ages.  Although  the  numbers  in  some  of  the  groups  are 
so  small  as  to  make  the  results  of  doubtful  value,  there  appears  to  be 
a  gradual  increase  in  the  size  of  both  heifer  and  bull  calves  as  the  dams 
increase  in  size  up  to  1,500  pounds.  In  the  group  of  dams  weighing 
more  than  1,500  pounds  there  is  a  decrease  in  size  of  both  heifer  and 
bull  calves;  however,  the  number  in  this  group  is  so  small  that  the 
decrease  shown  may  not  be  significant. 

GROWTH  OF  HOLSTEIN-FRIESIAN   HEIFERS  FROM    BIRTH   TO  2   YEARS   OF  AGE 

The  average  weights  of  Holstein-Friesian  heifers  at  the  Huntley 
station,  by  months,  from  birth  to  2  years  of  age  are  shown  in  Table  25. 
For  comparison,  average  weights  are  shown  of  animals  grown  at  the 
Bureau  of  Dairy  Industry  Experiment  Stations  at  Ardmore,  S.  Dak., 
and  at  Beltsville,  Md.,  and  of  heifers  grown  at  the  University  of 
Missouri. 
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Table  25. — Average  weights  of  Holstein-Friesian  heifers  at  the  Huntley  station  by 
months  from  birth  to  2  years  of  age,  compared  with  average  weights  of  Holstein- 
Friesian  heifers  at  the  Ardmore,  S.  Dak.,  and  Beltsville,  Md.,  stations  and  at  the 
University  of  Missouri 


Age 

Huntley, 
Mont., 

16 
animals  ^ 

Ardmore, 
S.  Dak.,2 

17 
animals 

Belts- 
ville, 
Md.,2  27 
animals 

Univer- 
sity of 
Missouri  3 

(normal 
ration),  23 

animals 

Birth 

Pounds 
86.8 
126.0 
174.4 
230.5 
293.5 
361.1 
424.9 
487.5 
543.5 
594.2 
633.6 
680.2 
721.2 
749.7 
786.0 
807.4 
841.6 
869.5 
904.7 
936.0 
969.3 
989.6 
1,  016.  3 
1,  049.  5 
1,  070.  8 

Pounds 
90 
132 
184 
238 
294 
342 
403 
449 
485 
515 
537 
560 
590 
628 
659 
689 
707 
730 
752 
787 
824 
860 
894 
934 
973 

Pounds 
97.2 
121.3 
154.6 
197.2 
252.8 
302.8 
360.2 
406.5 
460.2 
506.5 
552.8 
586.1 
626.9 
662.0 
708.3 
745.4 
776.9 
812.0 
839.8 
880.6 
912.0 
943.5 
982.4 
1,  015.  7 
1,  056.  5 

Pounds 
90 

121 

2  months 

157 

3  months _,_      __._-_-_--      ...... 

200 

249 

5  months 

302 

6  months.        .        ...            ..._..._       .     ..  ..- 

349 

7  months 

389 

8  months 

425 

9  months..    ...  ...                                 .           ..          . 

466 

10  months 

501 

11  months      ..     .     ....     _  

529 

658 

13  months 

574 

14  months.      ...       .     .... _.     ..     _--..---..-_. 

596 

15  months 

612 

16  months 

643 

660 

18  months 

686 

19  months      .-._--_      . 

715 

746 

21  months 

774 

22months           ......     ___     ..     .. 

796 

824 

24  months 

841 

1  Only  9  animals  were  used  from  the  nineteenth  to  the  twenty-fourth  month. 

2  Weights  for  Ardmore,  S.  Dak.,  and  Beltsville,  Md.,  from  the  following  publication:  Cole,  J.  S., 
Kelso,  F.  L.,  Russell,  E.  Z.,  Shepherd,  J.  B.,  Stuart,  D.,  and  Graves,  R.  R.    work  of  the  united 

STATES  DRY-LAND  FIELD  STATION,  ARDMORE,  S.  DAK.,  1912  TO  1925.      U.  S.  Dept.  Agr.  Tech.  Bul.  17,  68  p., 

illus.     1927. 

3  Missouri  weights  from  Eckles,  C.  H.      Op.  cit.     (The  Missouri  normal  is  the  average  of  both  light 
and  liberal  rations.) 

The  animals  at  Huntley  were  grown  under  different  feeding  condi- 
tions from  those  at  the  other  stations.  They  were  fed  skim  milk 
until  9  months  of  age,  and  during  that  period  they  received  grain 
and  alfalfa  hay.  After  the  ninth  month  they  received  only  alfalfa 
hay  and  corn  silage.  They  were  also  on  pasture  about  two  months 
during  their  second  year.  There  was  not  sufficient  pasture  for  the 
entire  herd  except  during  the  flush  period  in  the  early  part  of  the 
pasture  season.  The  heifers  at  the  Ardmore  and  Beltsville  stations 
were  taken  off  skim  milk  at  the  end  of  the  sixth  month  but  received 
grain,  alfalfa  hay,  and  corn  silage  until  they  were  2  years  old. 

It  will  be  noted  that  at  24  months  of  age  the  Huntley  heifers 
weighed  14.3  pounds  more  than  the  Beltsville  heifers  and  97.8  pounds 
more  than  the  Ardmore  heifers. 

The  net  gains  of  the  heifers  at  the  Ardmore,  Beltsville,  and  Huntley 
stations,  by  6-month  periods,  are  shown  in  Table  26.  The  second 
6-month  period,  during  which  the  feeding  at  Huntley  was  changed, 
is  divided  into  two  periods  of  three  months  each. 
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Table  2G. — Net  gains  of  heifers  by  6-month  periods  at  the  Ardmore,  Beltsville,  and 

Huntley  stations 


Period 

Ardmore 

Beltsville 

Huntley 

Pounds 
313 
112 
75 
162 
221 

Pounds 
263 
146 
120 
213 
217 

Pounds 
338 

Qorx-inH  civ  mnrifhij    7  f n  Q  mnnfhs                                                                                      

169 

127 

184 

Fourth  six  inonths                                                   --  --     - --  

166 

For  some  unknown  reason,  during  the  first  six  months  the  Huntley 
heifers  made  the  largest  gains  of  any  of  the  heifers.  During  the  first 
half  of  the  second  six  months,  when  the  Huntley  heifers  were  still 
receiving  skim  milk,  they  continued  to  make  the  largest  gains  and 
even  continued  to  do  so  during  the  latter  half  of  this  period,  after 
both  skim  milk  and  grain  had  been  removed  from  their  ration.  Dur- 
ing the  third  and  fourth  6-month  period  their  gains  fell  somewhat 
behind  those  of  the  Beltsville  heifers,  and  in  the  last  period  they 
were  gaining  less  rapidly  than  the  Ardmore  heifers. 

The  data  indicate  that  if  alfalfa  hay  and  corn  silage  of  good  quality 
are  available,  heifers  can  make  satisfactory  gains  after  the  ninth 
month  without  grain. 

Some  heifers  at  the  Huntley  station  are  receiving  skim  milk  until 
2  years  of  age,  to  determine  whether  the  rapidity  of  gain  obtained  in 
the  first  six  months  can  be  continued  to  2  years  of  age.  Four  heifers 
on  the  continued  skim-milk  ration  have  reached  the  nineteenth 
month  with  an  average  of  985  pounds,  which  is  an  increase  of  49 
pounds  over  the  average  for  all  heifers  at  Huntley  at  that  age. 

BREEDING    EXPERIMENTS 

The  breeding  experiment  at  the  Huntley  station  is  the  same  as 
that  carried  on  at  the  other  field  stations  of  the  bureau,  namely, 
the  building  up  of  a  herd  that  will  be  homozygous  or  pure  in  its 
inheritance  for  high  milk  and  butterfat  production.  It  is  expected 
that  this  will  be  accomplished  by  the  continued  use,  for  generation 
after  generation,  of  sires  that  have  proved  through  their  daughters 
that  they  have  the  inheritance  that  will  enable  them  to  transmit  high 
producing  ability  to  all  their  offspring.  This  project  was  outlined 
on  the  theory  that  sires  whose  daughters  are  uniformly  high  producers 
and  have  greater  producing  capacity  than  their  dams  are  homozygous 
for  the  hereditary  factors  that  determine  high-producing  capacity, 
and  that  if  such  sires  were  used  for  five  or  six  generations  a  herd 
would  be  obtained  which  would  be  pure  in  its  inheritance  for  this 
character.  After  this  time,  as  long  as  proved  sires  are  used  every  son 
and  every  daughter  may  be  depended  upon  to  transmit  uniformly  high 
production,  and  in  addition,  in  the  case  of  the  females,  become  high 
producers  themselves. 

THE  FOUNDATION  HERD 

The  foundation  herd  of  registered  Holstein-Friesian  cattle  was 
estabhshed  at  Huntley  in  the  spring  of  1918,  when  a  carload  of  females 
was  shipped  from  the  Beltsville  (Md.)  Experiment  Farm.  Most  of 
the  animals  were  daughters  and  granddaughters  of  the  two  good  sires 
Johan  Woodcrest  Lad  52145  and  his  son,  Johan  Woodcrest  Lad 
11th  103987.     Two  very  high  producing  cows,  however,  were  not 
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related  to  these  sires.  One,  a  Maryland-bred  cow,  named  Korndyke 
Sadie  Vale  Rag  Apple  244732,  a  granddaughter  of  King  of  the  Pontiacs, 
made  the  three  following  high  production  records  at  Huntley:  486 
pounds  of  butterfat  on  roughage  alone  at  6  years  8  months,  523 
pounds  of  butterfat  on  a  full  grain  ration  at  5  years,  and  626  pounds 
of  butterfat  on  a  limited  grain  ration  at  8  years  11  months  of  age. 
Her  picture  may  be  seen  among  the  dams  mated  to  Mapleside  King 
Paul  (Fig.  6).  At  14  years  of  age  this  cow  is  still  breeding  and 
producing  well. 

The  other  high-producing  cow  was  Pledge  Pietje  De  Kol  250627, 
a  Michigan-bred  great-granddaughter  of  De  Kol  2d  's  Butter  Boy  3d. 
As  cow  218,  her  production  records  are  discussed  in  some  detail  in 
connection  with  Table  14.  This  cow  dropped  a  heifer  calf  in  August, 
1927,  and  was  slaughtered  January,  1928,  at  a  little  more  than  14 
years  of  age.  She  was  the  only  positive  reactor  to  the  agglutination 
test  for  abortion  in  the  Huntley  herd.  In  November,  1927,  the 
month  in  which  she  became  14  years  of  age,  she  was  producing  from 
45  to  50  pounds  of  milk  per  day.  Her  total  production  for  that  month 
was  1,448  pounds  of  milk  and  42.73  pounds  of  butterfat.  She 
aborted  calves  in  1919  and  1920  after  going  to  the  Huntley  station, 
but  thereafter  was  a  regular  breeder. 

Another  high-producing  cow  included  in  the  shipment  from  Belts- 
ville  was  Helen  Uilkje  Calamity  145857,  a  daughter  of  Johan  Wood- 
crest  Lad.  At  the  age  of  8  years  3  months  she  made  a  record  of  470 
pounds  of  butterfat  on  roughage  alone.  At  9  years  11  months  she 
made  a  record  of  25,499  pounds  of  milk  and  823  pounds  of  butterfat 
on  a  full  grain  ration.  She  dropped  her  last  calf  when  just  past  her 
fifteenth  birthday  and  produced  during  the  following  year  13,622 
pounds  of  milk  and  429.8  pounds  of  butterfat.  Her  picture  is  shown 
in  Figure  8. 

In  1920  a  few  granddaughters  of  King  Segis  Pontiac  Count  and  a 
granddaughter  of  Sir  Pietertje  Ormsby  Mercedes  were  added  to  the 
foundation  herd. 

SIRES   USED  IN   THE  HUNTLEY  BREEDING   PROJECT 

At  the  time  the  project  was  started  no  money  was  available  for  the 
purchase  of  a  proved  sire.  About  two  years  prior  to  this  time  the 
Holstein  cow  Calamity  Wayne  Pauline  2d  137625  had  been  purchased 
and  put  on  official  test  at  the  Beltsville  station.  She  made  a  yearly 
record  of  22,547  pounds  of  milk  and  855  pounds  of  butterfat.  The 
dam  of  this  cow  made  a  yearly  record  of  723  pounds  of  butterfat. 
In  view  of  these  good  records,  it  was  decided  to  purchase  the  son  of 
Calamity  Wayne  Pauline  2d.  This  bull,  Mapleside  King  Paul,  was 
then  in  service  in  a  small  herd  in  Michigan.  At  that  time  his  daughters 
were  not  more  than  5  or  6  months  old.  Before  being  brought  to 
Huntley  this  bull  had  sired  one  or  two  red  and  white  calves  and 
therefore  carried  the  recessive  factor  for  red  and  white.  Apparently 
the  Huntley  foundation  females  to  which  he  was  mated  were  fairly 
pure  for  black  and  white,  since  only  one  red  and  white  calf  has  been 
sired  by  him  at  Huntley.  However  a  part  of  his  offspring  must  have 
received  the  hereditary  factor  for  red  and  white.  Evidently  Friend 
Ona  Hartog  Korndyke  277648,  the  sire  that  was  used  for  some  time 
on  the  daughters  of  Mapleside  King  Paul,  did  not  carry  the  factor 
for  red  and  white,  since  no  red  and  white  animals  resulted  from  these 
matings.     The  next  sire  used,  Pride  of  the  Bess  Burkes,  apparently 


DAIRY  WORK  AT  HUNTLEY  FIELD  STATION,  1918-1927  31 

carried  the  factor  for  red  and  white  because  one  of  the  twin  heifer 
calves  sired  by  him  was  red  and  white  and  the  other  black  and  white. 
The  dam  of  these  twins  was  Duchess  Korndyke  Corby  (fig.  3),  a 
daughter  of  Mapleside  King  Paul.  Here  are  unlike  twins,  no  more 
closely  related  than  ordinary  full  sisters  would  be.  The  red  and  wliite 
twin  received  the  inheritance  for  red  and  white  from  both  of  its  black 
and  white  parents.  The  black  and  white  twin  may  be  pure  in  its 
inheritance  for  black  and  white,  or  it  may  be  heterozygous  (mixed) 
and  transmit  red  to  half  of  its  offspring. 

Although  the  transmitting  abihty  for  milk  and  butterfat  produc- 
tion of  Mapleside  King  Paul  was  unknown  when  he  was  first  used  at 
Huntley,  the  production  records  of  his  daughters,  made  under  con- 
ditions comparable  with  those  of  their  dams,  have  shown  that  this 


Figure  3.— Duchess  Korndyke  Corby  888923,  a  daughter  of  Mapleside  King  Paul,  with  twin 
heifer  calves  sired  by  Pride  of  the  Bess  Burkes,  The  heifer  at  the  left  is  red  and  white,  the  one 
at  the  right  is  black  and  white 

bull  is  very  nearly  pure  in  his  inheritance  for  the  factors  governing  a 
fairly  high  level  of  production. 

In  all  the  herds  operated  by  the  Bureau  of  Dairy  Industry  in  its 
breeding  investigational  work,  each  generation  of  animals  is  tested 
for  producing  capacity.  Every  effort  is  made  to  keep  the  conditions 
under  which  the  tests  are  made  as  nearly  identical  as  possible.  At 
Huntley,  the  test  cows  are  milked  three  times  a  day,  are  kept  in 
stanchions,  and  during  the  pasture  season  are  pastured  with  the 
rest  of  the  herd.  In  spite  of  the  efforts  to  make  all  conditions  of  the 
tests  comparable,  some  inequalities,  such  as  temporary  indisposition 
of  the  animal,  arise.  In  the  case  of  Mapleside  King  Paul's  three 
daughters  that  fell  below  their  dams  in  production  when  compared 
on  a  mature  basis,  one  had  trouble  wath  her  teeth  during  the  test, 
one,  an  inbred  daughter,  was  slow  in  developing,  and  one  was  not  in 
good  health.  It  is  thought  that  all  three  are  capable  of  larger  produc- 
tion than  was  shown  in  their  first  test. 
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The  complete  records  of  the  17  daughters  of  Mapleside  King  Paul 
and  of  their  dams  are  shown  in  Table  27. 

Table  27. — Production  records  of  registered  daughters  and  of  dams  of  daughters  of 
Mapleside  King  Paul  181023 

[Sire,  Johanna  Korndyke  of  Mapleside  143930.    Dam,  Calamity  Wayne  Pauline  2d  137625  (22,547  pounds  of 
milk;  855.4  pounds  of  butterfat  at  8  years)] 


No. 


Daughters 


Age 


Years 


Months 


Milk 


Butterfat 


Per 

cent 


Actual 


Calcu- 
lated to 
matur- 
ity 


Dams 


Age 


Years 


Months 


Milk 


Butterfat 


Per 

cent 


Actual 


Calcu- 
lated to 
matur- 
ity 


Pounds 
16, 262 
19, 030 
16, 887 
13, 155 
15, 121 
16,  517 
13,  781 
16,  378 

13,  592 
16,  641 

14,  712 
14,  546 
11,171 
14,  238 
14,  689 
15, 067 
11,  587 


3.21 
3.11 
3.24 
3.81 
3.43 
3.24 
3.62 
3.83 
3.87 
3.49 
3.25 
4.02 
3.44 


4.11 
3.33 
3.81 


Pounds 
521.6 
591.6 
547.2 
501.3 
518.7 
535.5 
498.3 
626.9 
525.9 
581.4 
477.5 
584.4 
384.7 
626.2 
603.4 
501.0 
441.8 


Pounds 
573.3 
650.2 
684.0 
589.5 
648.4 
669.5 
664.2 
783.7 
618.4 
683.7 
596.9 
730.5 
480.9 
657.7 
709.6 
589.2 
552.3 


Pounds 
15, 946 
7,301 
18, 146 

13,  838 
12,  721 
15,  486 
14, 154 
17, 031 
12, 805 
14, 110 
18, 146 
17, 031 
14, 154 
12,  805 

14,  863 
25, 499 
19, 030 


3.25 
3.16 
3.29 
3.52 
4.17 
3.61 
3.04 
3.68 
3.68 
3.90 
3.29 
3.68 
3.04 
3.68 
3.45 
3.23 
3.11 


Pounds 
518.6 
230.8 
596.  8 
487.0 
530.0 
559.0 
430.5 
626.0 
471.6 
550.6 
596.8 
626.0 
430.4 
471.6 
493.9 
823.1 
591.6 


Pounds 
570.0 
253.6 
596.8 
695.5 
623.3 
657.4 
443.8 
026. 0 
554.6 
605.2 
596.8 
626.0 
443.8 
554.  6 
617.4 
823.1 
650.2 


Average 

Increase  of  daughters  over  dams. 

Per  cent  increase 


640.1 
55.5 
9.5 


584.  ( 


1 13  daughters  exceeded  dams  in  quantity  of  butterfat  calculated  to  maturity,  and  1  produced  practically 
the  same. 

Table  27  shows  that  the  daughters  average  55.5  pounds  more 
butterfat  than  their  dams.  Ten  show  an  increase  in  per  cent  of  butter- 
fat over  that  of  their  dams,  and  seven  show  a  decrease.  The  average 
increase,  however,  is  less  than  0.2  per  cent.  This  is  a  good  illustration 
of  the  fallacy  of  attempting  to  increase  materially  the  percentage  of 
butterfat  of  a  breed,  which  by  inheritance  is  fixed  at  a  fairly  constant 
point,  by  the  selection  of  a  bull  from  a  dam  that  has  a  high  per  cent 
of  butterfat.  It  would  appear  that  the  only  method  of  fixing  the 
inheritance  for  a  high  per  cent  of  butterfat  is  to  use  for  several 
generations  sires  that  have  inherited  a  high  per  cent  of  butterfat  from 
both  their  sires  and  their  dams,  or  in  other  words,  sires  that  are  pure 
or  homozygous  for  a  high  per  cent  of  butterfat. 

The  dam  of  Mapleside  King  Paul  (Calamity  Wayne  Pauline  2d) 
made  an  official  record  of  a  little  less  than  3.8  per  cent  of  butterfat. 
Her  dam  had  a  record  of  4.48  per  cent  of  butterfat.  It  is  not  known, 
however,  that  4.48  per  cent  was  the  inherited  per  cent  of  butterfat 
that  Calamity  Wayne  Pauline  2d  received  from  her  dam,  nor  is  the 
per  cent  of  butterfat  known  that  Mapleside  King  Paul  inherited 
through  his  sire.  Then,  too,  the  dams  to  which  Mapleside  King  Paul 
was  mated  had  an  inheritance  for  per  cent  of  butterfat  to  pass  on  to 
their  daughters  in  addition  to  the  inheritance  which  they  received 
from  the  sire.  When  it  is  considered  that  the  great  majority  of  the 
animals  of  the  Holstein-Friesian  breed  have  an  inheritance  for  less 
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than  3.5  per  cent  of  butterfat,  the  influence  on  their  granddaughters 
of  one  of  two  animals  with  a  high  test  is  hkely  to  be  sHght. 

A  comparison  of  the  photographs  of  the  daughters  of  Mapleside 
King  Paul  with  those  of  their  dams  (figs.  4  to  8)  show  that  he  was 
dominant  in  transmitting  color  markings.  The  broad  band  of  white 
the  entire  length  of  the  head  shows  in  all  but  two  of  the  daughters. 
These  two  daughters  are  the  only  ones  that  do  not  show  an  increase 
in  the  area  of  white  as  compared  with  their  dams.  The  sire  himself 
was  mostly  white,  as  were  also  his  dam  and  his  full  sister.  His 
daughters  for  the  most  part  have  udders  that  are  held  up  more  closely 
to  the  body  than  the  udders  of  the  dams,  though  this  may  be  due  in 
part  to  the  difference  in  age.  As  heifers,  many  of  his  daughters  were 
sloping  in  the  rump,  but  as  they  grew  older  niost  of  them  became 
more  nearly  straight.  His  daughters  show  quite  a  marked  resem- 
blance to  one  another,  though  all  but  one  are  classed  as  outbred,  none 
of  them  having  any  common  ancestry  through  the  sire  and  the  dam 
in  the  first  four  ancestral  generations.  Double  Duchess  Hetty 
Walker  (fig.  8)  is  an  inbred,  the  result  of  a  daughter  being  bred  back 
to  her  sire. 

Mapleside  King  Paul  is  almost  13  years  old  and  at  this  age  is  still 
in  active  service  at  the  Ardmore  (S.  Dak.)  Field  Station. 

The  sire  selected  to  use  on  the  daughters  of  Mapleside  King  Paul 
was  Friend  Ona  Hartog  Korndyke  277648,  bred  by  the  Bureau  of 
Dairy  Industry  at  the  Ardmore  Field  Station.  His  sire  was  Meadow 
Holm  Ona  Pontiac  Hartog  189413,  and  his  dam  was  Sadie  Korndyke 
Albino  270937,  with  a  production  of  16,929  pounds  of  milk  and  528 
pounds  of  butterfat  at  7  years  of  age.  This  bull  as  a  yearling  was 
placed  with  a  dairyman  on  the  Huntley  project  to  be  tested  out  in  a 
grade  herd.  Table  28  shows  the  comparative  records  of  his  first  11 
grrade  daughters  and  their  dams. 

Table  28. — Produciion  records  of  grade  daughters  and  of  dams  of  daughters  of 
Friend  Ona  Hartog  Korndyke  277648,  tested  under  farm  conditions;  records 
calculated  to  maturity 


Daughters 

Dams 

Yearly 
records 

Milk 

Butterfat 

Yearly 
records 

MUk 

Butterfat 

No. 

Per 
cent 

Pounds 

Per 
cent 

Pounds 

1 

Number 
2 
2 

2 

Pounds 
12, 575.  5 
12, 196.  7 
11,484.5 

9,  233.  2 
15, 125.  6 
14,  240.  8 

9,  822.  5 
10, 010.  5 
12,  442.  0 
11,835.5 
10,093.8 

3.93 
3.73 
3.53 
3.83 
3.46 
3.72 
3.74 
3.76 
3.70 
3.64 
3.49 

492.  92 
454.50 
405.  18 
353.  79 
523.  78 
530.  66 
367. 11 
376.  89 
460.66 
430.  80 
352.  65 

Number 
5 
5 
3 
4 
3 
2 
4 
3 
3 
4 

Pounds 
10, 932.  3 
10,932.3 
11,  558.  2 
12, 485.  5 
14, 467.  6 

7,  666.  4 

8,  511.  0 
9, 319.  9 

9,  714. 1 
11,541.6 

9,368.6 

3.79 
3.79 
3.36 
3.10 
3.18 
3.68 
3.86 
3.54 
3.82 
3.69 
3.48 

414. 46 

2 

414.  46 

3.- . 

388.  54 

4 

387.  45 

460  89 

6 

282. 13 

7.  . 

329.00 

8 

330.  62 

9 

371.  24 

10.... 

425.  63 

11 

326.  41 

Average.  .... 

11,732.7 

1, 142.  1 

10.78 

3.68 

.14 

3.95 

431.  72 
56.19 
14.96 

10,  590. 6 

3.54 

375.63 

Increase  or  decrease  of  daughters  over  dams  i . 
Per  cent  increase  or  decrease 

1  9  daughters  exceeded  dams  in  milk,  10  daughters  exceeded  dams  in  butterfat,  and  6  daughters 
exceeded  dams  in  per  cent  of  butterfat. 
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Maplcs>ide    Km§  Paul    MD'^'^ 


m       *  5 


/'^m/,1 


9iire;~  Jobanna  KoKnJyke  of  Mapleffxle 
Di^UGHT£B9  Daro-Calaroily  Wayne  Pauline  2vS.  137.625 


DAM9 


f'JS^il  PSJf^ 


Ducbeg?  Qjdie  Joban  Walker  Oo'J.OVO  ^adie  Aa§§ic  Wdiker   365,575 

162621k mjlk5a63l)uttevfal3f4jj9,0roo&.   !5.Q46!bmlk; 518.65 Ik bufofdlaf4j^Ks.l too. 


Duche9ff  Hetty  Wdlkeir     033.07-4.  He%  Walker  365.574  (wilked  fwice  daily.) 

19,030  lb9D?iIk;59i.60 Ik. buHerfaldl4jr?2rnos'  7.301  lbs  roilk; 230,79 ibs,bufofdidi4j}'ff.5mo9. 


-Hl^ 


DrvK.         >.r         ■    Alkj.  693,^22  .        >..-.. 

16.887  lb9  milk.  547181b^.boHeKf3l  al2yrs8mo8,  i4,877Jb&,n)ilk;496  ibs  buti^rfof  af^^reOmo?. 


Figure  4.— Mapleside  King  Paul  and  three  of  his  daughters  with  their  dams 
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DAUGHTLD.9 


DAMQ 


Duchess   Imz    Piebe     750.739  Ir^z    t\ 

ioiSjlbsroilk;  50130  lb«.buHer6i  af3jrR2n5oe;    1333811)9  mlk.^?  02iDs  ount^Klat  a^  Ivr.y  roo? 


#^twJkr"«'^3*^'****''^>'Wt 


Duch£99  vybii^^is  Piebc   r'50.74-0  Laciy  %'bil  9e§ie  Ponliac  430,353 

15.1211b9.™lk=  51872  lbs.  buHerfal  al2yK97n)oe     12721  lbs.  milk; 5300 lb«,  butterfaf  al  3yrs4T7)0« 


Ducbe99  CaKol   Bcs9  Piebc  750738  Carol  9e§ie  Ponfiac    430.352 

16.517  h9  roilk;  53556  lb*  buti.rfa*  af  2yK9  6 mos  15.466  lb?  milk;  559.0  ib*  hvkrB  af  3j>'S.0n)Oft 


Dodjeffs   Nina  Walke:    ..-.:.  N.na   Colantt)a  Walker  251.590 

l378llbs.n>iIk;498301be.buHerrdfaf2jys4roos    14.154  lb?.  n>ilk;  430.48  lb?,  buferfafalSjrre,  4 1 


Figure  5.— Four  daughters  of  Mapleside  King  Paul  with  their  daius 
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DAUGHTEDQ 


DAMQ 


Duch.       .      .         •  Jyke  764.141         KorndyL  -         , ,  .  -^^.4.732 


DucKe^^  Harmf  OtDj^ig*'  •''  ^C'^tJU  Orro^l^y  Horoe'sicaJ  Laura  5^-n,v:c^^. 

13,592 lb9.D)jlk-.  525.8Q  il>9  buHeKfal  al  3 JK9 ?i«o8  12.605 Ib^  bA-, 471.59 Ib.^  burfet  faf  af  3j78 1  roo 


Docbeee  Oi-rweljy  Mercedes  Pel  844.630     Or 
16.641  IW  TDilk;  58142  lk,buff«yfif  af  3jr9.4rou8  14! 


,  L  jtter faf  al  4jK§.2roo& 


Docbe^^  Colariba  Helen  844,640  Colaniba  Walker  Helen  540.020 

14711  \\>9.  n)ilk;477,551b9  boWfaf  af  2,y)'97ino9  14877 Ibe  milk, 496.0  lb?  buttgrfel  af  Zjt^.Qmo9 


Figure  6.— Four  daughters  of  Mapleside  King  Paul  with  their  dams 
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DAUGHTERS 


DAMS 


DouKie  BucKeee  ^adie  Vale  92ii8i  iXichese  Pontiac  Komdijke  rauime  559i34 

14689  ii>s.mnk:603.4ii)s  kHerfai  a{  V,  Omos    14863  li)S.milk;493.9lbs  Wierfat  al2q/s.l0mos. 


14,546  lb9.  mlk;584.381b9  bollerfaiaf  ^yre.Qiws.  1703lik  roilk;  626.06  IW  Merfof  al8jrs.lln309. 


Duchz95  Nina  Colanfba  Walker  894.045  Nine  Colanlba  Waikei-    251.590 

il.]711b9.milk;384.721kl)uferfafa}2yr9lln)OP,    14.15411)9,  n)ilk;  430.48  Ik.  KutterfeM  5,71-9.4^9. 


Ducbeee  Laura  0rw9hy  844,641  Orrogljy  Horoeglead  LouKa  540,223 

14,2381Wmlk;5?6181b9.buHerralaf2^9.7roo9.E8051kmlk;471591kl>ollerrdlef3jKelroo. 


Figure  7.— Four  daughters  of  Mapleside  King  Paul  with  their  dams 
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DAUGHTERS 


DAMS 


Duckess  Helen  Jokan  L&d  921182  Helen  ' 

15067  lbs  milk- 501.0ibsi)utt6rfaUBM/s  Omos    25499itsrT..< 


^Tvik^  145857 


11587  Ik  milk44l  8  ik  kiierfai  al  2i^B  9  mo§    19030  lbs  milk:  591 6  Ik  kflerfai  di  4^fe  2mos 


Figure  8.— Two  daughters  of  Mapleside  King  Paul  with  their  dams 

These  grade  daughters  of  Friend  Ona  Hartog  Korndyke  averaged 
11,733  pounds  of  milk  and  432  pounds  of  butterfat  in  one  year,  an 
increase  of  1,142  pounds  of  milk  and  56  pounds  of  butterfat  over  the 
production  of  their  dams.  There  is  always  some  difficulty  in  judging 
the  transmitting  ability  of  a  sire  from  the  records  of  his  daughters  in  a 
grade  herd  when  these  records  are  made  under  farm  conditions.  The 
general  practice  of  farmers  in  the  Huntley  district  is  to  feed  alfalfa 
hay  during  the  winter  and  pasture  in  the  summer.  Very  few  feed 
silage  or  grain.  It  is  a  question  whether  a  sire  whose  daughters 
average  57  pounds  more  butterfat  than  their  dams,  which  average 
375  pounds,  under  the  feeding  conditions  described  above  and  on 
twice-a-day  milking,  will  have  the  capacity  to  increase  the  production 
records  of  dams  averaging  640  pounds  of  butterfat,  when  fed  a  good 
grain  ration  in  addition  to  alfalfa  hay  and  silage  and  milked  three 
times  a  day.  It  has  been  assumed,  in  this  breeding  work,  that  when 
a  sire's  grade  daughters  were  outstandingly  better  than  their  dams  it 
showed  clearly  that  he  had  an  inheritance  for  transmitting  high 
production,  and  when  mated  with  dams  with  higher  records  would 
sire  daughters  better  than  their  dams.  Of  course,  this  is  somewhat 
problematical. 

Friend  Ona  Hartog  Korndyke  now  has  five  daughters  that  are  out 
of  dams  in  the  Huntley  herd,  tested  under  the  conditions  previously 
described.  The  records  of  these  daughters  and  those  of  their  dams 
are  given  in  Table  29.  It  will  be  noted  that  four  daughters  are  higher 
than  their  dams  in  per  cent  of  butterfat,  and  that  when  the  records 
are  calculated  to  maturity  four  daughters  are  better  than  their  dams 
in  butterfat  production, 
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Table  29. — Production  records  of  registered  daughters  and  of  dams  of  daughters  of 
Friend  Ona  Hartog  Korndyke 


Daughters 

Dams 

No 

Age 

Milk 

Buttcrfat 

Age 

Milk 

Butterfat 

Years 

Months 

Per 

cent 

Actual 

Calcu- 
lated 
to  ma- 
turity 

Years 

Months 

Per 

cent 

Actual 

Calcu- 
lated 
to  ma- 
turity 

1 

2 
2 
2 
2 
2 

5 
8 
9 
5 
6 

Pounds 
12,320 
14, 155 
11,633 
15,  395 
13,  939 

3.76 
3.72 
3.58 
3.45 
3.78 

Pounds 
462.9 
626.1 
416.2 
530.6 
526.7 

Pounds 
617.1 
657.7 

1520.2 
707.4 
658.4 

3 
8 
2 
4 
3 

1 

11 
10 
2 
2 

Pounds 
12, 805 
17, 031 
14, 863 
19, 030 
13, 155 

\  Pounds 
3.68       471.6 
3.  68       fi^fi  n 

Pounds 
554.6 

2 

626  0 

3 

3.32 
3.11 
3.81 

493.9 
591.6 
501.3 

617  4 

4 

650  2 

5 

589  5 

Average 



1 

632.2 

i 

C07  5 

i 

1 

1  It  is  believed  that  this  is  not  a  fair  test  of  this  cow's  producing  ability  because  she  was  not  in  good  health 
during  the  time  the  record  was  made. 

The  five  grade  daughters  shown  in  Figures  9  and  10  arc  similar  in 
appearance  to  their  dams,  though  the  daughters  have  better-shaped 
udders.  Attention  should  be  called  to  the  fact  that  all  of  these  grade 
daughters  are  outbred.  This  is  also  true  of  the  five  purebred  daugh- 
ters shown  in  Figures  11  and  12  though  one  of  these  has  some  com- 
mon ancestry  through  both  sire  and  dam  in  the  fifth  ancestral 
generation. 

The  third  sire  is  Pride  of  the  Bess  Burkes  294574  (fig.  13),  sired  by 
Pietertje  Ormsby  Mercedes  41st  132723  and  out  of  Bess  Ormsby 
Fytje  276357,  with  a  production  of  14,597  pounds  of  milk  and  511 
pounds  of  butterfat  at  4  years  10  months  of  age.  This  sire  has  21 
daughters  which  average  yearly  669  pounds  of  butterfat  when  the 
records  are  calculated  to  maturity.  Seventeen  of  these  daughters  are 
out  of  dams  with  yearly  records.  The  17  daughters  average  689.2 
pounds  of  butterfat,  calculated  to  a  mature  basis,  and  their  dams 
average  592.3  pounds  of  butterfat.  These  records  were  made  in  the 
herd  of  the  South  Dakota  State  School  and  Home,  Redfield,  where 
Pride  of  the  Bess  Burkes  was  in  service  until  taken  to  Huntley.  He 
was  in  service  at  Huntley  a  little  less  than  a  year,  when  it  was  decided 
to  move  him  to  the  Beltsville  (Md.)  Experiment  Farm. 

The  fourth  sire.  Varsity  Derby  Allen  256012  (fig.  14),  a  9-year-old 
bull,  was  bred  by  the  University  of  Nebraska  and  used  for  a  number 
of  years  at  the  Valentine  Experiment  Station  of  that  State.  He  was 
sired  by  King  Derby  Lincoln  153017,  a  sire  that  has  nine  daughters 
with  yearly  records  averaging  23,142  pounds  of  milk  and  814  pounds  of 
butterfat.  The  dam  of  Varsity  Derby  Lincoln  was  Allie  Lincoln 
178368,  with  a  yearly  record  of  22,160  pounds  of  milk  and  846  pounds 
of  butterfat. 

The  records  of  15  daughters  sired  by  Varsity  Derby  Allen  in  the 
Valentine  station  herd  average  10,578  pounds  of  milk  and  405  pounds 
of  butterfat  per  year.  These  daughters  were  milked  twice  a  day  and 
fed  grain  at  the  rate  of  1  pound  to  33^  pounds  of  milk  in  addition  to 
alfalfa  hay  and  corn  silage,  and  pasture  in  the  summer.  The  records 
of  the  dams  average  8,176  pounds  of  milk  and  287  pounds  of  butter- 
fat per  year.     This  is  an  increase  for  the  daughters  of  2,402  pounds  of 
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I^IEND  Om  HA2T06  KOKNDYKE  277648 


C^re  -  Meadow  !:..n:  Ona  i^rliaC  MoQ  [89413 
DAU5HTE2S        Dam-  Sadre  KocndM^e  Albino  270937  DAMS 


Belie  una  r\ui^  I'ldtuOa 

iBi25ikmiik:  B23.7ik  kUerM      14467 ikmiik. 460 81k kiWfai 


12196  ik,milk'  4B4.B  ILs, WWM      10932  li^^.milki  4 14,4  lbs,  kllerU 


Figure  9.— Friend  Ona  Hartog  Korndyke  277648  and  three  grade  daughters  with  their  dams 
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DAU6HTEP9  PAMG  __ 


Lorine  ( lOmon^hs  record) 

12148  ikmiik'-     412.4  Ibs.bulWfa^      9609  IkmuK'  J^Lu  IDS  Duiterfal 


10093  ibs.miik'.  3B2.6  lbs.  Wterfa^ 


Pel    - 
9369  li)s  milk  i  326.4  lbs,  buiterfat 


Figure  10.— Two  grade  daughters  of  Friend  Ona  Hartog  Korndyke  with  their  dams 

milk  and  118  pounds  of  butterfat.  All  but  one  of  the  15  daughters 
are  better  than  their  dams,  and  in  this  one  case  the  dam  has  only  a 
slightly  better  record  than  her  daughter.  When  the  records  of 
daughters  and  dams  are  calculated  to  a  mature  basis,  the  average 
yearly  butterfat  production  of  the  daughters  is  473.8  pounds  and  that 
of  the  dams  328.6  pounds,  an  average  increase  of  145.2  pounds. 

Here  again,  as  in  the  case  of  the  grade  daughters  of  Friend  Ona 
Hartog  Korndyke,  the  question  may  be  raised  as  to  what  this  sire 
will  do  when  mated  to  dams  with  higher  records  in  a  herd  where  the 
cows  are  kept  under  more  favorable  conditions.  It  is  believed  that 
the  marked  increase  in  production  of  the  daughters  of  Varsity  Derby 
Allen  over  that  of  their  dams  indicated  that  daughters  sired  by  him 
in  the  Huntley  herd  will  be  fully  up  to  the  production  level  of  their 
dams.  Even  though  the  hereditary  level  for  producing  capacity 
which  this  bull  transmits  should  prove  to  be  not  quite  so  high  as  that 
of  Mapleside  King  Paul  and  Pride  of  the  Bess  Burkes,  the  performance 
of  his  daughters  shows  that  he  can  not  greatly  lower  the  hereditary 
level  of  the  offspring  that  he  will  sire  in  the  Huntley  herd.  Thus 
the  object  of  the  breeding  project — the  breeding  of  a  herd  that  will 
be  pure  in  its  inheritance  for  a  high  level  of  production — can  not  be 
greatly  impaired  by  his  use. 

PROVING  OF  YOUNG  BULLS 

To  prove  the  transmitting  ability  for  high  milk  and  butterfat 
production,  the  bulls  born  in  the  Huntley  herd  are  placed  with  dairy 
farmers  on  the  Huntley  Reclamation  Project  and  in  near-by  territory. 
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DAUC7HTER9 


DAMS 


Counles?  Qna»  OrmslDVi  Piek  Laurdi  1006264-      OrmsL'q  Homestead  Laura  5402  23 
12319  Ik  milk462.9 11)1  Wleria^  ai  2Hrs.  Bmos.   128051kmilk47i.6ikkWai  ai  S^rs.imo 


Cbunless  Ona  Pontic  Kornci\:|ke  iiB4772     Koma^qAo  wau.o  Vq.t;  i^'^^  Apple  244732 
141S5il>s  milk; S26.1  Ik  kderfa  <^ 2qrs  8mo^.  l7O3ili)Sm.lk;6260ik  kHerfal  a^  8i^rs,  11 


mos 


Frienci  Duckess  Scidie  Korad^ke  i02B953     DucKess  Poniiac  Korndtike  Pauime  S59i34 
11632  ii)S.inilk:4i62  ii)s  Wlerfal  ai  2T^-rs.9mos.  [8486ll)s  milk'.  623  27 lbs  yierfi  a\  S^^rs.  Gmos 


Frienci  DucKess Hei^  Walker  i02B956  Duckess  H.i^  Walker  633074 

15395  ikmilk-.530.6  l^s.kWM  ai  2^ts.Smo^.  19030  li)S,m.lk'.59i.6il)S.kilerfai  aH^rs.  2mos. 


Figure  11.— Four  purebred  daughters  of  Friend  Ona  Hartog  Korndyke  with  their  dams 
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DAUOHTER 


DAM 


Friend  Duckess  Inez  Rei)e  L062713  DucKess  Inez  Piek  750739 

l39391i)smak;52d7ii)3MerraUI2Mrs6mos   [3l5Blkmiik-S0i31k.yterfaUi3ii£S,2mos. 


Figure  12.— One  purebred  daughter  of  Friend  Ona  Hartog  Korndyke  and  her  dam 

The  farmers  agree  to  keep  records  of  the  production  of  the  daughters 
of  these  bulls  and  of  the  production  of  the  dams  of  these  daughters. 
It  is  intended,  in  this  work,  to  remove  all  sires  as  soon  as  they  have 
been  proved.  Bulls  that  prove  to  be  exceptionally  prepotent  for  high 
production  are  used  in  the  experimental  breeding  work  or  by  State 
agricultural  colleges  that  cooperate  with  the  Bureau  of  Dairy  Industry 
in  dairy-cattle  breedmg  projects.  Bulls  proving  to  be  poor  or  only 
moderately  good  are  slaughtered. 


Figure  13.— Pride  of  the  Bess  Burkes  294574 


Thirty-six  bulls  from  the  Huntley  station  are  in  the  process  of  being 
proved.  They  are  being  used  in  the  herds  belonging  to  61  farmers, 
totaling  691  cows.  These  bulls  have  sired  423  daughters,  130  of  which 
are  being  tested,  and  293  will  be  tested  when  they  come  into  milk. 
The  great  majority  of  these  animals  are  being  tested  through  dairy- 
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herd-improvement  associations.  These  farms  are  personally  visited 
several  times  a  year  and  observations  made  on  the  development  of 
the  animals. 

When  the  work  was  started  several  years  ago  many  of  these  herds 
consisted  of  common  scrub  cows  of  no  particular  breed.  All  the  herds 
now  have  the  appearance  of  high-grade  Holstein-Friesians.  In 
addition  to  providing  valuable  experimental  data  for  the  breeding 
project,  this  work  has  been  the  means  of  greatly  improving  the  pro- 
ducing capacity  of  the  cooperators'  herds. 

Sixteen  sires  born  at  the  Huntley  station  now  have  one  or  more 
daughters  that  have  completed  one  lactation  period  in  farmers'  herds. 
These  daughters  total  94.  ^  Their  average  yearly  production  when 
calculated  to  a  mature  basis  is  10,565  pounds  of  milk  and  385.09  pounds 
of  butterfat,  as  compared  with  8,871  pounds  of  milk  and  318.25  pounds 


Figure  14— Varsity  Derby  Allen  256012 

of  butterfat  for  their  dams,  an  average  increase  of  1,694  pounds  of  milk 
and  66.8  pounds  of  butterfat.  At  44  cents  per  pound  for  butterfat 
and  40  cents  per  hundred  pounds  for  skim  milk,  the  value  for  the 
increased  product  in  one  year  would  be  $35.43  per  cow. 

The  average  production  records  of  the  daughters  and  the  dams  of 
these  daughters  of  all  sires  having  one  or  more  daughters  with  a  com- 
pleted lactation  period  are  shown  in  Table  30.  Attention  is  again 
called  to  the  fact  that  these  records  were  made  almost  entirely  on 
pasture  and  alfalfa  hay.  Very  few  of  the  farmers  have  silos  or  feed 
grain.  Six  of  the  bulls  listed  have  been  slaughtered  because  of 
physical  defects  or  because  their  daughters  were  not  making  sufficient 
increases  to  warrant  their  use  in  breeding  experiments.  It  will  be 
noted  that  only  2  of  these  16  sires  have  daughters  that  show  a 
decrease  in  their  average  butterfat  production  over  that  of  their  dams. 
Sires  H-107,  H-109,  H-111,  H-112,  H-113,  H-114,  H-115,  H-117, 
and  H-120  are  all  sons  of  Mapleside  King  Paul,  whose  breeding,and 
the  production  records  of  whose  daughters,  have  already  been  discussed. 
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Table  30. — Average  production  records  of  daughters  and  of  dams  of  daughters  of 
all  sires  having  one  or  more  first-generation  daughters 


Sire  No. 

Cows 

No. 

n-105 

5 

H-107 

6 

H-109 

11 
6 

14 
2 
3 
1 

2 

II-lll 

H-112 

H-113 

H-114     -     - 

H-115 

H-117 

H-120 

H-257 

14 

A-104 

2 

A-105 

11 
4 
6 

A-107..- 

A-108 

A-109. 

6 

Daughters 


Yearly 
rec- 
ords J 


No. 
5 

12 

14 
8 

16 
2 
3 
1 
1 
2 

22 
2 

22 
5 

10 

10 


Milk 


Pounds 
11,279.8 
10, 373.  5 
10,  223.  7 
9,  721. 9 
12, 861.  4 
9, 199. 9 
9, 413.  4 
12,  525.  5 
10,  478.  0 
12,  727.  4 
9,  776.  2 
10, 052. 3 
11,732.7 
8, 300.  0 
8,666.3 
9,  552.  9 


Butterfat 


Per 
cent 


3.56 
3.94 
3.63 
3.87 
3.64 
3.53 
3.83 
3.60 
3.75 
3.37 
3.54 
3.70 
3.68 
3.80 
3.36 
3.61 


Pounds 


402. 10 
408.34 
370. 91 
375.99 
468.03 
324.  53 
360.79 
450.90 
393.  37 
429.58 
345. 84 
371.94 
431.  72 
315.  61 
291.66 
344.66 


Dams 


Yearly 
rec- 
ords » 


No. 
9 
15 
14 
15 
28 
6 
10 
2 
4 
4 
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Milk 


Pounds 
9, 737. 8 
9, 433. 8 
6, 918.  2 
8,263.8 
9, 407.  6 

10, 013. 1 

7,  554.  8 

8,  149.  9 
10,611.8 

6.  617.  6 
8, 659. 0 
8, 067.  6 
10,  590.  6 
7.568.7 
9, 484. 4 

9,  241. 3 


Butterfat 


Per 
cent 


3.73 
3.55 
3.82 
3.59 
3.60 
3.33 
3.53 
3.96 
3.25 
3.65 
3.51 
4.20 
3.54 
4.06 
3.24 
3.45 


Pounds 


363.11 
334.  71 
264.  03 
296.97 
338.38 
333.15 
266.  56 
322.94 
345. 11 
241.74 
303.95 
339.26 
375.  53 
307.  57 
307.26 
318.68 


Increase  or 

decrease  of 

daughters  over 

dams 


Milk 


Pounds 
1,542.0 

939.7 
3, 305.  5 
1,  458. 1 
3. 453. 8 
-813.  2 
1,  858.  6 
4,  375.  6 
-133.8 
6, 109. 8 
1, 117.  2 
1,  984.  7 
1. 142. 1 

731.3 
-818. 1 

311.6 


Butter- 
fat 


Pounds 
38.99 
73.63 

106.88 
79.02 

129.  65 

-8.62 
94.23 

127.  96 
48.26 

187. 84 
41.89 
32.68 
56.19 
8.04 
-15.60 
25.98 


>  All  production  records  have  been  calculated  to  maturity.  The  number  of  yearly  records  vary  from 
the  number  of  cows  because  of  the  fact  that  when  an  animal  had  more  than  one  record,  all  of  her  records  were 
averaged  and  the  average  was  used  for  comparison.  This  method  was  used  in  order  to  offset  any  abnormal 
feed  conditions  that  might  exist  in  any  one  year.  The  management  of  the  cattle  was  usually  the  same  over 
a  period  of  years. 

Tables  31  to  38  show  the  production  records  of  the  daughters  and 
dams  of  daughters  of  all  sires  having  five  or  more  daughters  with 
completed  records. 


Table  31. 


■Production  records  of  the  daughters  and  dams  of  daughters  of  sire  H-105; 
all  records  calculated  to  a  mature  basis 


Daughters 

Dams 

No. 

Yearly 
records 

MUk 

Butterfat 

Yearly 
records 

Milk 

Butterfat 

Per  cent 

Pounds 

Per  cent 

Pounds 

Number 

Pounds 
11,997.2 
10, 488. 0 
11,063.2 
12, 431.  2 
10,419.7 

3.59 
3.41 
3.46 
3.61 
3.74 

431.44 
357.64 
382.89 
448.38 
390.18 

Number 

1 
2 
2 
1 
3 

Pounds 
9, 133. 3 

12, 162. 9 

11,119.2 
5,159.4 

11, 114.  3 

4.24 
3.66 
3.21 
4.04 
3.76 

387  18 

2 

445  16 

3... 

357  13 

4 

208  47 

6 

417  65 

Average.-     ... 

11,279.8 

1,  542.  0 
15.83 

3.56 

-.  17 
-4.56 

402. 10 

38.99 
10.74 

9,  737. 8 

3.73 

363  11 

Increase  or  decrease  of  daughters 
over  dams  L. 

Per  cent  increase  or  decrease 

'  2  daughters  exceeded  their  dams  in  milk,  3  daughters  exceeded  dams  in  butterfat,  and  1  daughter 
exceeded  dam  in  per  cent  of  butterfat. 
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Table  32. — Production  records  of  the  daughters  and  dams  of  daughters  of  sire  H-107; 
all  records  calculated  to  a  mature  basis 


Daughters 

Dams 

No. 

Yearly 
records 

Milk 

Butterfat 

Yearly 
records 

Milk 

Butterfat 

Per  cent 

Pounds 

Per  cent 

Pounds 

1 

Number 
2 
1 
2 
2 
2 
3 

Pounds 
10,  536. 1 
12,  691.  6 
10,  212.  4 

8,  907.  5 
10,319.4 

9,  573.  9 

4.22 
4.39 
3.37 
3.47 
3.68 
4.31 

444.  48 
j57.  80 
345. 04 
309.  55 
380.  75 
412.  45 

Number 
2 
3 
2 
3 
3 
2 

Pounds 
9, 043. 6 

8,  924.  6 

9,  221. 1 
10, 049.  8 
11,  275.  9 

8, 088. 1 

4.03 
3.63 
3.51 
3.11 
3.34 
3.78 

364. 10 

2 

3                         

324.17 
323. 99 

4 

5... 

0 

313.  37 
376.  52 
306.09 

Average...  .  .  ...  

10,  373.  5 

939.7 
9.96 

3.94 

.39 
10.98 

408.  34 

73.63 
21.99 

9,  433.  8 

3.55 

334.  71 

Increase  or  decrease  of  daughters 
over  dams  i 

Per  cent  increase  or  decrease 

1  4  daughters  exceeded  their  dams  in  milk,  5  daughters  exceeded  their  dams  in  butterfat,  and  5  daughters 
exceeded  their  dams  in  per  cent  of  butterfat. 


Table  33. 


-Production  records  of  the  daughters  and  dams  of  daughters  of  sire  H-W9; 
all  records  calculated  to  a  mature 


Daughters 

Dams 

No. 

Yearly 
records 

Milk 

Butterfat 

Yearly 
records 

Milk 

Butterfat 

Per  cent 

Pounds 

Per  cent 

Pounds 

1        .          ...        

Number 
2 

Pounds 
8, 622.  7 

10,  845.  3 

11,  686.  7 
11,120.0 
10, 175.  2 
10, 161.  2 
10,  449.  3 
10,  097.  7 
10,  930.  9 

9,  592.  1 
8,  779.  7 

3.91 
3.55 
3.71 
3.37 
3.81 
3.95 
3.67 
3.33 
3.50 
3.50 
3.64 

337.90 
385. 11 
433.  52 
374.  97 
388.  45 
401.  18 
383.  74 
336.  46 
382.  53 
336.  28 
319.  89 

Number 
2 

1 
1 
1 
1 
1 
1 
2 
1 
2 
1 

Pounds 
5, 979.  2 
5,  267.  4 
8,  228.  6 
8,  228.  6 
5,  314.  4 
7,  046. 1 

7,  271.  8 
5,  979.  2 

8,  257.  0 
7,  256.  0 
7,  271.  8 

3.54 
4.42 
3.56 
3.56 
3.71 
3.45 
4.41 
3.54 
3.63 
3.85 
4.41 

21L  50 

2 

233  32 

3     

293. 11 

4        -            ...  ...  ... 

293. 11 

5 

197  36 

6     

242.  97 

7                                  

320.  74 

8 

211  50 

9                        

300.37 

10 

279.62 

11 

320.  74 

Average 

10,  223.  7 

3,  305.  5 

47.78 

3.63 

-.19 

-4.97 

370.  91 

106.  88 
40.48 

6,  918.  2 

3.82 

264. 03 

Increase  or  decrease  of  daughters 
over  dams  ' 

Per  cent  increase  or  decrease 

1  11  daughters  exceeded  dams  in  milk,  10  daughters  exceeded  dams  in  butterfat,  and  4  daughters  exceeded 
dams  in  per  cent  of  butterfat. 


Table  34. 


-Production  records  of  the  daughters  and  dams  of  daughters  of  sire  H-111; 
all  records  calculated  to  a  mature  basis 


Daughters 

Dams 

No. 

Yearly 
records 

Milk 

Butterfat 

Yearly 
records 

Milk 

Butterfat 

Per  cent 

Pounds 

Per  cent 

Pounds 

1 

Number 
1 
2 
2 
1 
1 
1 

Pounds 
6,  576.  4 

10,  686.  8 
9,  990.  5 

11,016.8 

10,  419.  6 
9.  641.  6 

3.99 
3.36 
4.09 
4.25 
3.67 
3.89 

262.  76 
359. 11 
408.  25 
467.  77 
382.  67 
375.  41 

Number 
3 
1 
2 
2 
4 
3 

Pounds 

7,  751. 8 
5,  507.  2 

8,  928.  1 

8,  284.  6 
9. 843.  9 

9,  267.  5 

3.53 
3.34 
3.54 
3.91 
3.50 
3.66 

273. 49 

2 

184.04 

3 

316.  40 

4 

323.98 

6 

344.  76 

6 

339. 15 

Average. 

9,  721.  9 

1,  458. 1 
17.64 

3.87 

.28 
7.79 

375. 99 

79.02 
26.61 

8,263.8 

3.59 

296.97 

Increase  or  decrease  of  daughters 
over  dams  ' 

Per  cent  increase  or  decrease 

1  5  daughters  exceeded  dams  in  milk,  5  daughters  exceeded  dams  in  butterfat,  and  6  daughters  ex- 
ceeded dams  in  per  cent  of  butterfat. 


DAIRY  WORK  AT  HUNTLEY  FIELD  STATION,   1918-1927 
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Table  35. — Production  records  of  the  daughters  and  dams  of  daughters  of  sire  H—112; 
all  records  calculated  to  a  mature  basis 


Daughters 

Dams 

No. 

Yearly 
records 

MUk 

Butterfat 

Yearly 
records 

Milk 

Butterfat 

Per  cent 

Pounds 

Per  cent 

Pounds 

1 

Number 
2 

Pounds 
15, 246. 6 
14, 495.  0 
10,  811. 1 
15,  489.  8 
12,  440.  3 
15.  643.  7 
12,  215.  7 
10,  398.  0 
12,  025.  4 
10,  613.  2 

12,  213.  0 

13,  443.  3 
12,  814.  4 
12,  210.  4 

3.10 
3.32 
3.99 
3.94 
3.59 
3.78 
3.24 
3.99 
3.70 
3.93 
3.38 
3.86 
3.25 
4.03 

473. 91 
481.  85 
430.  87 
611.11 
447.  71 
592.  37 
395.  44 

415.  52 
444.77 

416.  97 
412.  92 
518.  95 
417.20 
492.  76 

Number 
3 
1 
2 
2 
1 
1 
2 
2 
3 

2 
3 
3 
2 

Pounds 
8, 549. 6 

13, 003. 1 
9,  233. 1 

12,  862.  5 
8.611.8 

6,  481.  0 
12,  008.  5 

8,  769.  9 
8,  549.  6 

7,  424.  8 
8,566.1 

10, 922.  9 

8,  549.  6 
8, 174.  2 

3.32 
3.32 
3.85 
3.44 
4.69 
3.65 
3.35 
3.61 
3.32 
3.30 
3.52 
3.74 
3.32 
4.13 

284.04: 

2 

432.  59 

3 

355.  22 

4 

442  82 

5 

403.  72 

6 

236  72 

402.08 

8 

316  84 

9               

284.04 

10 

246  60 

11                  

302. 16 

12 

408.98 

13_ 

284.04 

14 

337.  52 

Average 

12, 861.  4 

3,  453.  8 
36.71 

3.64 

.04 
1.11 

468.03 

129.65 
38.31 

9,407.6 

3.60 

338. 38 

Increase  or  decrease  of  daughters 
over  dams  • 

Per  cent  increase  or  decrease 

1 14  daughters  exceeded  dams  in  milk,  13  daughters  exceeded  dams  in  butterfat,  and  7  daughters  ex- 
ceeded dams  in  per  cent  of  butterfat. 

Table  36. — Production  records  of  the  daughters  and  dams  of  daughters  of  sire  H-257; 
all  records  calculated  to  a  mature  basis 


Daughters 

Dams 

No. 

Yearly 
records 

Milk 

Butterfat 

Yearly 
records 

Milk 

Butterfat 

Per  cent 

Pounds 

Per  cent 

Pounds 

1 

Number 
1 

1 
1 
2 
1 
2 
3 
3 
1 
1 
2 
2 
1 
1 

Pounds 
11,677.3 

8,  028.  7 
10,  343.  0 

9,  876.  7 
9,  428.  1 

7,  235.  9 
10,  062.  4 

8,  746.  2 
11,481.5 

9, 161.  7 
14,  520.  1 
10,  691.  1 
8,  420.  0 
7, 194.  8 

3.55 
3.62 
3.50 
3.63 
3.96 
4.06 
3.24 
3.42 
3.58 
3.49 
3.41 
3.31 
3.30 
3.64 

414.91 
291.  31 
362.  41 
358.94 
374.  01 
293.  70 
326. 12 
298.  82 
411.86 
319.  75 
495.  60 
354.73 
277.  89 
261.  76 

Number 
1 
4 
3 
3 
2 
3 
3 
3 
2 
2 
2 
4 
1 
3 

Pounds 

5,  427.  7 
9.003.7 
7,  712.  9 

7,  712.  9 

6,  034.  9 
12, 183.  7 
10,117.0 

8,  581.  7 
8,  682.  8 
8,  682.  8 

14, 174.  3 
10,  430.  1 
3,  762.  0 
8,  719.  6 

4.27 
3.47 
3.88 
3.88 
4.18 
3.40 
3.22 
3.17 
3.52 
3.52 
3.23 
3.57 
3.28 
3.24 

23L50 

2 

312.  39 

3 

299.59 

4 

299.59 

5 

252. 17 

6 

414.  62 

7 

325.  54 

8 

271. 89 

9- 

305.  69 

10 

305.  69 

11. 

458.04 

12 

372.66 

13... . 

123.22 

14 

282.74 

Average 

9,  776.  2 

1, 117.  2 
12.90 

3.54 

.03 

.85 

345. 84 

41.89 
13.78 

8,659.0 

3.51 

303.95 

Increase  or  decrease  of  daughters 
over  dams'-. 

Per  cent  increase  or  decrease 

1 10  daughters  exceeded  dams  in  milk, 
exceeded  dams  in  per  cent  of  butterfat. 


10  daughters  exceeded  dams  in  butterfat,  and   8  daughters 
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Table  37. — Production  records  of  the  daughters  and  dams  of  daughters  of  sire  A- 108; 
all  records  calculated  to  a  mature  basis 


Daughters 

Dams 

No. 

Yearly 
records 

Milk 

Butterfat 

Yearly 
records 

Milk 

Butterfat 

Per  cent 

Pounds 

285.  90 
281.  42 
306.  71 
228.  05 
325.  87 
322.  04 

Per  cent 

Pounds 

1 

Number 
2 
2 
2 
1 
2 
1 

Pounds 
8,  299.  9 

8,  713.  4 

9,  491. 0 
6,  259. 4 
9,  995.  2 
9,  239.  3 

3.44 
3.23 
3.23 
3.64 
3.26 
3.48 

Number 
4 
3 
2 
3 
1 
1 

Pounds 

8,  740.  0 

9,  899. 1 

8,  871.  4 

9,  894.  8 
12,  660.  5 

6,  840.  8 

3.31 
3.07 
3.31 
3.22 
3.04 
3.69 

289  15 

2 

303  92 

3 

293  70 

4 

318.  38 
385  90 

0 

252  53 

Average 

8,  666.  3 

-818. 1 
-8.63 

3.36 

.12 
3.70 

291.  66 

-15.60 
-5.07 

9,  484.  4 

3.24 

307  26 

Increase  or  decrease  of  daughters 
over  dams  i 

Per  cent  increase  or  decrease 

1  2  daughters  exceeded  dams  in  milk,  2  daughters  exceeded  dams  in  butterfat,  and  4  daughters  exceeded 
dams  in  per  cent  of  butterfat. 

Table  38. — Production  records  of  the  daughters  and  dams  of  daughters  of  sire  A— 109; 
all  records  calculated  to  a  mature  basis 


Daughters 

Dams 

No. 

Yearly 
records 

Milk 

Butterfat 

Yearly 
records 

Milk 

Butterfat 

Per  cent 

Pounds 

Per  cent 

Pounds 

1             .  _ 

Number 
2 
2 
2 
2 
1 
1 

Pounds 
9,  833. 0 
9,  457.  3 
9,  300.  2 
9,  060.  8 
10,  028.  2 
9,  637.  9 

3.89 
3.47 
3.65 
3.42 
3.47 
3.71 

383. 33 
328.  27 
339.  98 
310.01 
348.  47 
357.  94 

Number 
2 
1 
1 
3 
1 
3 

Pounds 

8,  684. 1 
10,  835.  4 

9,  133.  8 
9,  530.  6 
9,116.4 
8,  147.  4 

3.22 
3.22 
3.92 
3.12 
3.92 
3.31 

280. 18 

2 

348.  97 

3              

358. 14 

4 

297.58 

5 

357.  56 

G                  - 

269.  68 



9,  552.  9 

311.6 
3.37 

3.61 

.16 
4.64 

344.  66 

25.98 
8.15 

9,  241.  3 

3.45 

318.  68 

Increase  or  decrease  of  daughters 
over  dams  ' 

Per  cent  increase  or  decrease 

1  4  daughters  exceeded  dams  in  milk,  3  daughters  exceeded  dams  in  butterfat,  and  4  daughters  exceeded 
dams  in  per  cent  of  butterfat. 


Sire  H-109  is  now  in  use  in  a  cooperative  breeding  experiment  at 
the  Oregon  Agricultural  College,  sire  H-IU  is  at  the  Montana 
Agricultural  College,  and  sire  H-257  is  at  the  Utah  Agricultural 
Experiment  Station.  Sire  H-112  is  at  the  Woodward  (Okla.)  station, 
and  sire  H-120  is  at  the  Mandan  (N.  Dak.)  station  of  the  Bureau  of 
Dairy  Industry.  Sire  H-105  is  being  used  in  a  cooperative  breeding 
experiment  in  the  herd  of  the  United  States  Veterans'  Bureau  Hospital 
at  Fort  Bayard,  N.  Mex. 
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PRICES  AT  NEW  YORK    CITY    INDICATE    STATUS    OF   FRESH-PEACH 

INDUSTRY 

In  planning  production  and  marketing,  peach  growers  need  to 
understand  the  reasons  why  peach  prices  change  and  the  way  each 
factor  affects  prices.  They  need  to  know  why  prices  change  from 
day  to  day  or  from  week  to  week,  and  why  some  lots  of  peaches  sell 
for  more  than  other  lots.  Then  they  will  be  in  better  position  to 
decide  whether  any  given  change  in  production  or  in  marketing  prac- 
tices will  prove  profitable. 

The  New  York  City  prices  have  been  selected  as  a  basis  for  most 
of  tliis  discussion  of  peach  prices,  because  New  York  is  the  largest 
single  market  for  fresh  peaches  and  because  peach  prices  at  all  of  the 
eastern  markets  tend  to  keep  closely  in  line  with  New  York  prices. 

»  This  study  was  initiated  under  the  direction  of  A.  Q.  Waller,  of  the  New  Jersey  State  Agricultural 
Experiment  Station,  who  formulated  the  project  and  supervised  much  of  the  field  work.  Earl  R.  French, 
secretary  of  the  New  York  Food  Marketing  Research  Council,  assisted  in  making  contacts  with  the  whole- 
sale dealers  and  gave  advice  in  regard  to  the  field  work.  Dimitry  T.  Pitt,  New  Jersey  State  Agricultural 
Experiment  Station,  assisted  in  compiling  and  tabulating  the  detailed  records.  M.  R.  Cooper,  Bureau 
of  Agricultural  Economics,  made  valuable  suggestions  and  criticisms  in  developing  the  project.  Mordecai 
Ezekiel,  Bureau  of  Agricultural  Economics,  assisted  in  extending  the  scope  of  the  price  analysis,  in  pre- 
paring the  text  of  this  bulletin,  and  in  laying  out  many  of  the  figures.  Acknowledgment  is  also  due  to  the 
members  of  the  trade  whose  cooperation  made  it  possible  to  secure  the  new,  detailed  facts  regarding  the 
marketing  of  peaches. 
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They  may  get  out  of  line  for  a  day  or  two,  but  they  soon  are  brought 
together  again. 

New  York  price  quotations  show  directly  what  happens  to  prices 
of  about  one-quarter  of  the  peaches  hauled  to-  the  eastern  cities, 
and  they  also  represent  rather  closely  the  prices  prevailing  in  Boston, 
Philadelphia,  and  the  other  large  eastern  markets.  The  New  York 
prices  may  therefore  be  used  as  the  best  single  indication  of  the 
factors  which  cause  changes  in  prices  in  the  fresh-peach  markets. 

The  margin  between  New  York  wholesale  prices  and  the  prices 
received  by  the  producer  at  his  local  shipping  point  depends  upon 
the  way  the  sale  is  made.  The  first  sales  of  early  peaches  are  usually 
made  on  a  commission  basis,  and  the  great  bulk  of  the  business 
through  the  season  is  handled  this  way,  the  commission  usually  being 
about  7  to  8  per  cent.  Some  peaches  are  sent  in  by  shippers  who 
buy  locally  from  small-scale  growers;  occasionally  a  commission  firm 
buys  a  few  cars  f.  o.  b.  and  sells  them  on  its  own  account.  A  small 
part  of  the  shipments  into  New  York  may  be  sold  to  large  jobbers  by 
a  grower  or  shipper,  or  may  even  be  sold  to  a  large  retail  distributor, 
such  as  a  chain-store  owner.  These  latter  waj^s  are  unimportant, 
however,  as  compared  with  the  volume  of  sales  on  commission  in  the 
wholesale  market. 

For  peaches  sold  on  commission,  the  freight,  the  commission,  and 
in  some  cases  a  small  handling  expense  for  the  shipping  organization, 
usually  malvC  up  nearly  the  whole  cost  of  marketing  from  the  time 
a  car  of  peaches  leaves  the  shipping  point  until  it  is  sold  in  the  whole- 
sale market.  The  prices  received  by  growers  will  therefore  usually 
be  below  New  York  wholesale  prices  by  the  amount  of  the  trans- 
portation and  hauling  costs,  which  for  Georgia  and  North  Cairolina 
peaches  range  from  about  82  cents,  when  peaches  are  selling  at 
wholesale  around  $1.50  per  crate,  to  about  93  cents  when  wholesale 
prices  are  about  $3.^ 

Returns  to  growers  vary  not  only  according  to  variations  in 
marketing  expenses  but  also  according  to  variations  in  market 
prices,  the  causes  for  which  will  now  be  considered. 

PEACH    SUPPLIES    AND    PEACH    PRICES 

YEARLY  PRICES  VARY  WITH  TOTAL  CROP 

Every  producer  is  familiar  with  the  fact  that  in  years  when  crops 
are  generally  heavy  prices  are  low,  and  when  crops  are  short  prices 
are  high.  But  to  judge  the  probable  effect  upon  price  of  estimated 
future  changes  in  supply  it  is  necessary  to  know  how  much  change 
in  price  ordinarily  follows  from  a  change  in  supply  of  a  stated  size. 
Further,  differences  in  the  supply  in  different  parts  of  the  country 
will  have  varying  effects  upon  the  price  in  any  particular  section, 
and  that,  too,  must  be  taken  into  account. 

The  changes  from  year  to  year  in  the  crop  of  peaches  for  the 
country  and  the  resulting  changes  in  the  average  prices  received  by 

»  Freight  and  refrigeration,  together,  from  Georgia  to  New  York  averaged  about  70  cents  per  crate  in 
1927,  and  these  costs  were  about  the  same  from  North  ('aroHna.  A  sorting  charge  of  one-half  cent  a  crate 
is  paid  on  ah  peaches  unloaded  in  New  York.  Miscellaneous  costs  of  marketing  are  incurred  on  some 
shipments.  Such  additional  items  as  re-icing  and  diversion  charges  may  incretise  the  expense  of  getting 
the  peaches  to  market  by  a  cent  or  two  per  crate.  Occasionally  cartage  in  New  York  must  be  paid  for. 
This  may  happen,  for  example,  when  a  commission  merchant  decides  to  move  some  of  the  peaches  to  his 
store  rather  than  to  sell  them  on  the  pier  in  a  weak  market.  This  may  cost  6  or  8  cents  per  crate.  Peaches 
moving  into  storage  incur  an  added  expense  of  about  22  cents  per  crate. 
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farmers  for  the  season  throughout  the  country  are  shown  in  Figure  1. 
The  close  relation  between  supply  and  average  price  is  very  evident. 
In  nearly  every  instance  an  increase  in  supply  over  the  year  before 
resulted  in  a  lower  average  price,  and  a  decrease  in  supply  resulted 
in  an  advance  in  price. 

Peaches  are  produced  and  sold  over  a  succession  of  weeks  during 
the  year,  and  peaches  from  different  areas  do  not  all  go  to  the  same 
market.  For  that  reason  the  prices  that  producers  in  any  particular 
area  receive  for  their  peaches  are  influenced  to  a  greater  extent  by 
the  production  of  that  particular  area  than  by  the  production  for  the 
country  as  a  whole.  Thus,  average  prices  to  Georgia  farmers  are  more 
affected  by  production  in  the  Southeastern  States  than  by  production 
in  the  rest  of  the  country.  This  is  illustrated  in  Figure  2,  which  shows 
for  several  years  the  combined  crop  of  Georgia,  South  Carolina,  and 
North  Carolina,  and  the  average  price  for  the  season  received  by 
Georgia  farmers. 
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Figure  1.— Peach  Production  and  Prices  to  Producers 


The  average  price  of  peaches  in  the  United  States  ordinarily  changes  with  the  size  of  the  crop. 
In  1927,  however,  almost  one-half  of  the  entire  crop  was  in  California,  and  sold  for  such  a  low  price 
that  the  general  average  was  lower  than  it  ordinarily  would  be  with  so  short  a  crop  in  the  United 
States. 


In  general.  Figures  1  and  2  look  alike,  but  there  are  some  striking 
differences.  In  1924  the  crop  in  the  three  States  nearly  doubled, 
whereas  the  crop  in  the  entire  country  increased  only  20  per  cent, 
which  explains  why  Georgia  prices  declined  so  much  more  than  the 
average  price  to  all  American  peach  producers.  In  1927  the  situation 
was  reversed;  Georgia  had  a  very  short  crop,  whereas  California  had 
a  very  large  crop,  for  California  produced  nearly  half  of  the  total 
production  for  that  year.  Georgia  prices  advanced  sharply,  while 
average  prices  for  the  United  States,  heavily  weighted  by  "the  low 
prices  of  canning  peaches  in  California,  went  up  less  markedly. 

It  is  noticeable,  both  in  Figure  1  and  in  Figure  2,  that  in  spite  of 
increasing  supplies,  prices  have  been  on  a  generally  higher  level  since 
the  World  War.  This  is  largely  due  to  the  difference  in  the  value  of 
money.  One  dollar  in  1926  would  buy  only  about  two-thirds  as  much 
as  it  would  in  1913,  so  prices  of  peaches  would  have  to  be  50  per  cent 
higher  to  maintain  their  purchasing  power  unchanged. 
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If  the  prices  are  adjusted  to  dollars  of  1926  purchasing  power  it  is 
seen  that  a  given-sized  crop  of  peaches  brings  just  about  the  same  price 
per  bushel  now  that  it  did  10  to  15  years  ago.  Figure  3,  for  example, 
shows  the  price  of  the  crop  of  peaches  in  Georgia  and  the  Carolinas 
contrasted  with  the  average  price  to  Georgia  producers,  in  terms  of 
1926  dollars. 

The  production  and  the  average  purchasing  power  per  bushel  of 
each  year's  crop  has  been  indicated  by  a  single  dot,  placed  so  that 
the  distance  over  from  the  left  of  the  chart  indicates  the  size  of 
the  crop,  and  the  distance  up  from  the  bottom  represents  the  price. 
The  year  that  each  dot  represents  is  indicated  by  the  numbers. 

If  the  years  1916  through  1920,  when  conditions  were  disturbed  by 
the  World  War,  are  excepted,  it  is  evident  that  there  was  a  very  close 
relation  between  the  size  of  the  crop  and  the  purchasing  power  per 
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Figure  2.— Peach   Production   in  Georgia  and  the  Carolinas  and 
Prices  to  Georgia  Producers 

Peach  prices  in  Georgia  are  almost  entirely  determined  by  production  in  Georgia  and  in 
neighboring  States.  With  the  single  exception  of  1915  each  decrease  in  the  Georgia  crop 
caused  an  increased  price,  and  each  reduced  crop  a  higher  price.  In  1915  very  high  produc- 
tion in  the  rest  of  the  country  depressed  the  Georgia  price. 

bushel.  With  but  little  variation,  the  price  grows  smaller  as  the 
supply  grows  larger.  So  regular  is  this  relation  that  it  is  possible  to 
draw  in  the  dotted  line  to  indicate  the  average  or  usual  relation 
between  supply  and  purchasing  power.  This  line  shows  the  most 
probable  average  purchasing  power  for  the  season,  for  any  given 
supply.  Thus,  if  the  Georgia  and  Carolina  crops  in  1928  should  be 
8,000,000  bushels,  reading  the  chart  from  the  point  where  the  8,000,000 
bushel  line  crosses  the  curve  indicates  $1.40  as  the  probable  average 
farm  price  (in  terms  of  1926  dollars).^ 


'  For  the  12  years  1910-1926  (omitting  the  years  1916-1920),  the  correlation  between  United  States  produc- 
tion and  average  price  to  farmers,  using  logarithms  of  both  variables,  is  —0.96.    The  regression  is  as  follows: 

L«^  (  Wai'p'riSi^x)  =3.529-0.774  log  production, 

where  price  is  stated  in  cents,  production  in  millions  of  bushels,  and  the  price  index  is  the  all-commodity 
Index  of  the  Bureau  of  Labor  Statistics,  converted  to  1913  =  0.6667.  The  regression  coefficient  of  —0.77 
shows  that  the  elasticity  of  demand  for  farm  prices  is  about  1.3  indicating  that  large  crops  ordinarily  bring 
slightly  more  gross  returns  to  producers  as  a  whole  than  do  small  crops.  This  analysis  is  modified  slightly 
from  that  in  the  following  article:  Daggit,  E.  M.  peach  pkices  are  mainly  govekned  ky  size  of  crop. 
U.  S.  Dept.  Agr.  Yearbook  1926:  565-567,  illus,     1927. 
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AVERAGE  PRICES  DO  NOT  EXPLAIN  ENTIRE  SITUATION 

Figure  2  illustrates  the  extent  to  which  supply  in  Georgia  and 
the  Carolinas  affects  the  price  to  Georgia  farmers  and  illustrates 
the  extent  to  which  other  factors  may  affect  the  price.  In  1925, 
for  example,  the  crop  ripened  slowlj^  over  a  long  season,  and  there 
was  a  much  better  opportunity  to  spread  the  marketings  from  the 
South  over  a  considerable  niTftiber  of  weeks.  As  a  result,  the  markets 
were  not  glutted  at  any  time,  and  a  higher  price  for  the  season  was 
secured  than  w^ould  ordinarily  be  obtained  for  a  crop  of  that  size. 
In  1922,  on  the  contrary,  though  the  Georgia  crop  was  small,  the 
crop  in  other  areas  was  large,  and  so  Georgia  prices  were  lower  than 
they  would  ordinarily  be  expected  to  be  with  such  a  crop.  These 
points  illustrate  the  fact  that  though  the  average  price  for  a  season 
may  be  largely  determined  by  such  general  conditions  as  the  total 
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Figure  3.— Relation  of  Size  of  Peach  Crop  in  Georgia  and  the  Carolinas 
TO  Peach  Prices  to  Georgia  Farmers 

Georgia  peach  prices,  adjusted  for  changes  in  the  purchasing  power  of  money,  ordinarily  respond 
rather  closely  to  the  size  of  the  crop  inGeorgia  and  neighboring  States.  Only  in  years  like  1925,  when 
favorable  weather  lengthened  the  marketing  season,  do  prices  depart  far  from  the  usual  relationship. 

supply,  yet  the  prices  that  obtain  during  a  ^iven  week  or  in  a  given 
locality  may  depend  upon  much  more  detailed  and  specific  facts  in 
the  particular  area  or  period.     These  must  next  be  considered. 

The  average  peach  price  for  a  whole  season  is  useful  in  estimating 
general  conditions,  but  it  does  not  explain  the  specific  details  of  that 
year's  transactions.  The  average  condenses  into  a  single  summary 
figure  the  season's  business  of  a  commodity  for  which  prices  fluctuate 
even  more  widely  within  a  season  than  they  do  from  one  season  to 
the  next.  The  average  price  for  one  week  may  be  $4  per  crate,  and 
for  another  week  in  the  same  season,  with  the  same  varieties  on  the 
market,  it  may  be  $1.50.  On  a  single  day  there  is  a  very  broad 
range  between  the  price  of  small-sized  peaches  of  inferior  varieties 
and  that  of  large  peaches  of  good  varieties. 

Returns  to  an  individual  grower  are  affected  by  the  time  of  ripen- 
ing of  his  peaches,  the  varieties  he  raises,  and  the  size,  appearance, 
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and  quality  of  the  fruit  he  sends  to  market.  His  average  returns  may 
differ  decidedly  from  the  return  indicated  by  the  seasonal  average 
price.  For  that  reason  all  these  additional  elements  must  be  con- 
sidered before  the  factors  which  affect  the  price  to  a  given  producer 
can  be  understood. 

PEACH  PRICES  THROUGH  THE  SEASON  VARY  WITH  SUPPLY  ON  EACH  MARKET 

The  peach  supplies  for  New  York  City  and  other  eastern  markets 
are  mainly  derived  from  Atlantic  Coast  States,  particularly  Georgia 
and  the  Carolinas  and  New  Jersey.  There  are  occasional  carloads 
from  other  Southern  States,  and  a  few  irregular  shipments  from  Cali- 
fornia, but  the  great  bulk  of  the  supply  comes  from  these  States. 

SUPPLIES    VARY    THROUGH    THE    SEASON 

For  these  reasons  there  is  a  pronounced  seasonal  variation  in  supply 
as  the  movement  swells  from  the  first  few  cars  of  the  earliest  peaches 
from  Florida  to  the  solid  trainloads  each  day  at  the  peak  of  the  Georgia 
movement,  and  then  gradually  decreases  to  only  scattering  cars  from 
New  Jersey  or  from  States  even  farther  north. 

Georgia,  North  Carolina,  and  New  Jersey  together  constitute  the 
source  of  nearly  90  per  cent  of  New  York's  peaches.  In  the  earliest 
weeks  of  the  Georgia  peach  season  Georgia  peaches  are  alone  in  the 
New  York  market.  After  that  the  North  Carolina  and  Georgia 
periods  nearly  coincide,  although  the  heaviest  unloads  from  North 
Carolina  come  after  the  peak  of  the  Georgia  movement  has  passed. 

New  Jersey  is  second  to  Georgia  in  volume  of  peach  unloads  at 
New  York.  The  percentage  of  New  York's  rail  receipts  originating 
in  New  Jersey  is  lower  now  than  it  was  a  few  years  ago,  being  16  per 
cent  in  1924  and  only  7  per  cent  in  1927.  A  very  large  part  of  the 
decline  in  rail  receipts  is  due  to  the  growth  of  motor  transportation 
in  New  Jersey.  For  example,  in  1927  New  York  received  299  cars 
of  New  Jersey  peaches  by  rail  and  707  cars  by  motor  truck.  New 
Jersey  peaches  competed  with  Georgia  and  North  Carolina  arrivals 
for  from  four  to  six  weeks  in  each  of  the  years  1923-1926.  In  1927 
the  short  length  of  the  Georgia  season  cut  out  practically  all  of  the 
overlapping  period,  except  for  peaches  placed  in  storage.  Ordinarily 
the  first  part  of  the  New  Jersey  season  finds  peaches  from  that  State 
meeting  considerable  competition  from  Georgia  and  North  Carolina. 

States  other  than  Georgia,  New  Jersey,  and  North  Carolina  supply 
about  10  to  12  per  cent  of  New  York's  peach  receipts.  The  unloads 
from  California  vary  greatly  from  one  year  to  another.  In  1923, 
when  New  York  peach  receipts  were  rather  light,  California  peaches 
made  9  per  cent  of  the  total  supply.  Again  in  1927,  when  the  early 
Georgia  and  North  Carolina  movement  left  the  late-season  market 
less  heavily  supplied  than  in  the  last  few  years,  California  shipped 
343  cars  to  New  York,  or  8  per  cent  of  the  supply  for  the  whole  season. 
Since  all  of  the  California  peaches  were  unloaded  during  the  New 
Jersey  shipping  peiiod,  the  effect  of  tliis  competition  on  the  New 
Jersey  season  was  really  much  greater  than  is  indicated  by  the  per- 
centage for  the  whole  year.  It  amounted,  that  season,  to  an  increase 
of  about  30  per  cent  in  market  supplies  during  the  New  Jersey 
season. 
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The  extent  to  which  suppHes  on  the  New  York  market  vary  through 
the  season  is  illustrated  in  Figure  4,  which  shows  weekly  arrivals 
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Figure  4.— Weekly  Arrivals    and  Prices  of   Peaches  at   New   York, 
June-August,  1923-1927 

In  some  years  like  1924,  the  movement  of  peaches  is  largely  concentrated  in  a  few  weeks;  in 
others  like  1925  it  is  spread  smoothly  over  many  weeks.  Once  the  early  peaches  are  out  of  the 
way,  price  responds  noticeably  to  supply;  the  periods  of  heaviest  movement  are  usually  the  periods 
of  lowest  prices. 

during  the  main  marketing  period  for  each  of  five  seasons.     It  is 
evident  that  in  some  seasons  the  movement  is  much  better  dis- 
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tributed  through  the  season  than  in  others.  In  1923,  1925,  and  1926, 
for  example,  there  were  a  number  of  successive  weeks  with  receipts 
about  the  same;  in  1924  and  1927,  on  the  contrary,  the  bulk  of  the 
movement  was  concentrated  within  a  few  weeks.  Although  largely- 
due  to  climatic  factors  and  the  time  the  peaches  ripen  in  different 
localities,  this  distribution  of  the  peaches  has  a  material  effect  upon 
prices  for  the  season. 

PRICES    WITHIN    THE    SEASON    VARY    WITH    SHORT-TIME    SUPPLY 

The  change  in  the  supply  of  peaches  from  week  to  week  is  the  most 
important  single  factor  in  the  changes  in  peach  prices  within  a 
season.  Figure  4  also  shows  the  prices  by  weeks  in  1923  to  1927, 
inclusive.  The  price  represents  the  general  average  of  all  Georgia 
peaches  sold  in  New  York  each  week.  In  the  main,  the  influence  of 
arrivals  on  price  is  clear.  An  increase  in  arrivals  is  generally  ac- 
companied by  a  decrease  in  price.  Prices  are  high  at  the  beginning 
of  the  season  when  arrivals  are  light,  they  drop  when  the  heavy 
peach  movement  gets  under  way,  and  they  rise  at  the  end  of  the  season 
when  supplies  decrease. 

An  important  exception  to  this  inverse  relationship  between  weekly 
arrivals  and  weekly  average  price  can  be  seen  in  Figure  4.  In  the 
third  week  of  the  1925  season  and  in  the  fourth  week  of  the  1926 
season  there  is  an  increase  both  in  car-lot  arrivals  and  in  average 
price  per  crate.  The  third  and  fourth  weeks  of  the  1925  and  1926 
seasons,  respectively,  mark  the  beginning  of  the  large  movement  of 
midseason  varieties,  starting  with  the  Hiley .  The  difference  in  quahty 
between  the  early  varieties  and  the  later  standard  varieties  is  pro- 
nounced, the  result  being  that  the  market  will  pay  a  higher  price  per 
crate  for  a  larger  quantity  of  peaches  of  the  better  varieties. 

The  weakness  of  early  varieties  in  the  face  of  increasing  suppUes 
can  best  be  seen  in  the  seasons  of  1923  and  1924.  In  these  years  a 
rather  sharp  peak  was  reached  in  the  movement  of  early  peaches. 
In  the  week  ended  June  16,  1923,  a  total  supply  of  about  210  cars 
brought  the  average  price  for  the  week  down  to  $1.81  per  crate. 
This  was  the  lowest  weekly  average  of  the  whole  season,  despite  the 
fact  that  supplies  ranged  from  about  300  to  450  cars  a  week  for 
seven  weeks  of  the  movement  of  the  mid-season  varieties.  Similarly, 
272  cars  of  early  peaches  sold  for  $1.69  per  crate  in  the  week  ended 
June  21,  1924  (fig.  4),  whereas  three  weeks  later  nearly  400  cars  of 
standard  quahty  peaches  brought  $2.38  per  crate. 

The  price  of  early  varieties  is  not  only  unable  to  withstand  supplies 
that  would  be  considered  light  in  mid-season,  but  is  also  subject  to 
wide  variation  from  one  year  to  another.  About  65  cars  of  early 
peaches  in  a  week  brought  an  average  price  of  $2.82  per  crate  in 
1.923  and  $3.40  in  1926  (prices  being  adjusted  to  the  1926  price  level 
to  take  account  of  the  different  price  levels  in  the  two  years).  A 
weekly  supply  of  about  220  cars  sold  for  $1.75  per  crate  in  1923  and 
$2.65  in  1926.  High  returns  may  be  realized  on  a  small  quantity  of 
early  peaches  because  of  the  luxury  demand  which  bids  up  on  the 
price  merely  because  peaches  are  still  very  scarce,  much  as  the  same 
demand  absorbs  out-of-season  fruit.  The  quahty  of  the  early  peaches 
is  variable  and  generally  poor.  Early  varieties  are  discounted  in 
competition  with  late  varieties  and  seem  almost  a  different  com- 
modity. 
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During  the  bulk  of  the  peach  movement,  when  the  standard 
varieties  are  on  the  market,  the  inverse  relationship  between  arrivals 
and  price  in  New  York  is  clearly  apparent.  This  period  includes 
the  shipping  season  for  the  Hiley,  Belle,  Elberta,  and  J.  H.  Hale. 
These  are  by  far  the  most  important  varieties,  constituting  about 
80  per  cent  of  New  York's  commercial  supply  during  the  Georgia 
season.  Figure  5  shows  the  relationship  between  weekly  arrivals  and 
weekly  average  price  of  all  Georgia  peaches  in  New  York,  in  1923, 
1924,  and  1926.  The  prices  are  expressed  in  terms  of  the  1926  price 
level,  so  that  they  are  comparable. 

The  inverse  relationship  between  arrivals  and  price  is  clearly  shown. 
A  large  weekly  total  of  arrivals  is  accompanied  by  a  low  price.  For 
example,  a  weekly  total  of  about  400  cars  (as  in  1924)  brings  a  price 
of  about  $2.40  (in  1926  dollars),  whereas  a  total  of  about  650  cars 
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Figure  5.— Weekly  Arrivals  of  Peaches  at  New  York  and  Average  Price* 
OF  Georgia  Peaches  for  1923,  1924,  and  1926 

Inverse  relationship  between  weekly  arrivals  and  price  in  the  New  York  market.  The  part 
of  each  season  preceding  the  Hiley  movement  has  been  omitted  because  of  the  inferior  quality  of  the 
early  varieties.    Prices  are  adjusted  to  the  1926  price  level  to  make  them  comparable. 

(as  in  1926)  brings  in  only  $1.50  per  crate.  The  relationship  between 
arrivals  and  price  holds  for  each  of  these  three  years,  and  the  price 
obtained  with  a  given  total  of  carload  arrivals  is  nearly  the  same  in 
one  year  as  in  another. 


STORING  PEACHES  ALTERS  EFFECT  OF  SUPPLIES  ON  PRICE 

In  the  years  1925  and  1927  arrivals  alone  did  not  explain  as  much 
of  the  difference  between  the  average  prices  of  any  two  weeks  as  in 
the  three  weeks  which  have  been  discussed.  Figure  6,  plotted  in 
the  same  way  as  Figure  5,  shows  the  relationship  between  weekly 
carload  arrivals  and  average  price  per  crate  of  Georgia  peaches  in 
1925  and  1927,  with  arrivals  and  the  average  price  per  crate  in  1924 
inserted  for  comparison.  It  is  evident  that  factors  other  than  total 
arrivals  had  a  material  influence  on  price  in  certain  weeks  of  1925 
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and  1927.  The  high  prices  in  the  weeks  of  heaviest  arrivals  in  these 
two  years  are  out  of  hne  with  the  prices  received  with  a  similar 
movement  of  peaches  into  New  York  in  1924  and  1926. 

The  chief  reason  for  the  difference  is  found  in  the  fact  that  total 
arrivals  in  New  York  do  not  always  represent  the  actual  market 
supply  because  cars  may  be  withdrawn  from  the  supply  before  they 
reach  the  market,  going  directly  into  storage  after  they  have  been 
counted  as  arrivals.  If  cars  moving  into  storage  are  deducted  from 
the  total  arrivals  the  remainder  represents  more  accurately  the  supply 
actually  on  the  market.  This  correction  was  made  in  the  weekly 
totals  of  arrivals  in  1924,  1925,  and  1927,  as  the  data  on  movement 
into  and  out  of  storage  were  available  for  these  three  years. 

The  extent  to  which  the  use  of  storage  may  prevent  very  large 
supplies  from  depressing  the  prices  to  an  extreme  may  be  judged  from 
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Figure  6.— Weekly  Arrivals  of  Peaches  at  New  York  and  Average  Price 
OF  Georgia  Peaches  for  1924.  1925,  and  1927 

Although  the  inverse  relationship  between  weekly  arrivals  and  price  is  generally  true  in  the  sea- 
sons of  1925  and  1927  there  is  substantially  greater  variation  from  the  average  relationship  in  those  two 
years  than  in  the  three  years  shown  in  Figure  6.  Most  of  the  disparity  is  due  to  the  influence  of 
storage  movements  on  actual  market  supply. 

Figure  7.  For  the  three  years  for  which  estimates  of  storage  move- 
ments are  available  this  figure  shows  the  total  cars  arriving  at  New 
York,  the  carloads  of  peaches  withdrawn  from  the  supply  and  placed 
in  storage,  and  the  resulting  total  supply  on  the  market.  In  weeks 
when  peaches  were  moved  out  of  storage,  they  are  shown  added  to  the 
market  supply.  It  is  evident  that  during  some  weeks  when  arrivals 
were  very  large  so  many  peaches  were  withdrawn  and  placed  in 
storage  that  the  remaining  peaches  were  sold  at  higher  prices  than 
they  would  otherwise  have  commanded. 

In  the  1925  season,  for  instance,  the  peak  of  arrivals  came  during 
the  third  and  fourth  weeks  of  July,  but  between  100  and  150  carloads 
were  put  into  storage  each  of  these  weeks  and  prices  for  the  remainder 
showed  only  slight  declines  from  those  prevailing  earlier.  Similarlj^, 
in  1927,  when  a  sudden  increase  in  temperature  in  Georgia  caused 
the  Elberta  to  mature  much  more  quickly  than  had  been  anticipated, 
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a  good  part  of  the  resulting  large  increase  in  arrivals  was  withdrawn 
and  stored  for  several  weeks,  which  prevented  the  829  cars  which 
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Figure  7.— Peach  Arrivals,  Storage  Movements,  and  Prices,  at  New 
York  for  Three  Seasons 

storage  helps  prevent  peak  arrivals  from  unduly  depressing  the  price  but  does  not  always  pay 
the  storer.  In  1924,  when  the  weeks  of  heaviest  arrivals  were  followed  by  price  advances, 
storing  paid;  in  1925  there  was  not  enough  advance  in  price  to  pay  the  cost  of  storing. 

arrived  at  New  York  the  second  week  of  July  from  depressing  the 
price.  Instead,  with,  the  expectation  of  an  impending  reduction  in 
arrivals,  prices  advanced  in  spite  of  the  heavy  arrivals. 
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CONDITIONS  UNDER  WHICH  IT  PAYS  TO  STORE   PEACHES 

The  use  of  storage  facilities  in  the  market  area  is  the  most  important 
means  available  to  the  peach  trade  for  smoothing  out  peak  loads  in 
the  market  supply.  Storing  peaches  may  be  highly  profitable  in  one 
year  and  may  result  in  loss  in  another.  A  careful  consideration  of 
the  state  of  the  peach  market  at  a  given  time  and  the  expected  supply 
movements  of  the  next  few  weeks  is  essential  to  the  dealer  who  wants 
to  store  peaches  successfully.  Besides  this,  the  man  who  intends  to 
put  peaches  into  storage  must  see  to  it  that  the  quality  and  degree 
of  ripeness  of  the  fruit  are  such  as  to  assure  him  that  he  will  still 
have  good,  merchantable  stock  to  dispose  of  when  he  withdraws  his 
commitment  from  storage  and  puts  it  on  the  market  one  to  three 
weeks  later. 

A  heavy,  concentrated  movement  of  peaches  in  mid-season, 
together  with  the  expectation  of  lighter  supplies  later,  provides  the 
necessary  market  conditions  for  successful  storing.  This  combina- 
tion took  place  in  1924,  when  very  large  supplies  of  the  Hiley,  Belle, 
and  Elberta  came  on  the  market  all  at  once.  At  the  time  these 
supplies  were  coming  into  New  York,  shipments  out  of  Georgia  and 
North  Carolina  combined  were  already  showing  signs  of  a  decline  in 
volume,  indicating  that  market  supplies  the  following  week  or  two 
would  probably  be  lighter  than  current  supplies  and  that  prices  would 
be  higher  subsequently  than  they  were  while  under  pressure  of  heavy 
unloads. 

On  July  28,  1924,  29  cars  of  peaches  were  put  into  storage.  The 
price  on  that  day  for  Elbertas  packed  2  by  2,  by  6  layers  deep,  was 
$1.61  per  crate.  Records  of  the  dealers  show  that  some  of  these 
cars  went  to  the  market  on  August  14.  The  average  price  for 
medium-sized  Elbertas  on  that  day  was  $2.31  per  crate,  a  gain  of 
70  cents  in  a  little  over  two  weeks.  This  is  aside  from  the  fact  that 
the  price  on  July  28  would  have  been  about  75  cents  lower  if  those 
29  cars  had  been  disposed  of  on  that  day.  Prices  of  good  stock  out 
of  storage  averaged  within  a  few  cents  of  the  market  price  for  fresh 
peaches.  Deducting  22  cents  per  crate  for  storage  expenses  still  left 
48  cents  per  crate  gained  by  withholding  the  peaches  from  an  over- 
supplied  market. 

Storage  in  the  1924  season  was  a  profitable  venture.  In  that  year 
more  than  100  cars  went  into  storage.  The  year  1925  showed  a  very 
different  result.  There  was  no  period  of  low  prices  corresponding  to 
the  glut  of  1924.  The  peaches  that  were  put  into  storage  in  1925 
were,  in  general,  taken  from  a  market  that  was  already  high  in 
expectation  of  still  higher  prices  later  on.  The  price  rise  needed  to 
make  storage  profitable  did  not  materialize,  and  heavy  losses  were 
sustained  in  some  instances  as  a  result  of  storing  peaches  in  that 
season.  A  number  of  cars  had  to  be  withdrawn  from  storage  when 
prices  were  actually  lower  than  on  the  day  these  cars  first  arrived  in 
the  New  York  market  area.  It  may  be  that  some  dealers  were 
influenced  unduly  by  the  profits  gained  by  storing  in  1924  and  stored 
in  1925  when  conditions  did  not  justify  it. 

Storage  of  peaches  during  the  mid-season  period  of  1925,  when  the 
market  was  very  strong  and  prices  were  high,  was  a  risky  venture 
and  was  generally  rather  unsuccessful.  Peaches  might  have  been 
stored  with  profit  during  the  peak  movement  of  Elbertas  in  1926. 
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The  1926  season  may  have  represented  a  reaction  from  1925,  for  a 
Httle  over  100  cars  were  stored  in  1926.  In  1927  the  abrupt  termina- 
tion of  the  Georgia  season,  with  a  very  heavy  peach  movement 
during  the  last  two  weeks,  gave  an  excellent  opportunity  for  storage, 
and  445  cars  were  stored  in  that  season.  Practically  all  of  this 
quantity  was  taken  out  of  cars  arriving  at  New  York  during  the  last 
two  weeks  of  the  Georgia  movement.  This  kept  prices  up  in  these 
two  weeks.  Later  the  decrease  in  supplies  at  New  York  was  accom- 
panied by  a  rise  in  prices  sufficient  to  offset  storage  expenses  and  allow 
a  profit  in  most  cases. 

Successful  storage  of  peaches  is  not  a  matter  of  rule  of  thumb. 
There  must  be  either  a  sharp  depression  in  market  prices  combined 
with  prospects  of  lighter  supplies  later,  or,  if  prices  are  not  low,  some 
very  strong  indications  of  a  subsequent  rise.  The  expected  size  of 
the  supply  in  the  late-crop  districts  must  be  considered,  and  its 
quality.  The  price  of  good-quality  storage  peaches  is  likely  to  be 
depressed  if  the  market  happens  to  be  flooded  with  poor-quality 
fresh  stock  because  of  local  crop  conditions  in  the  late-producing 
areas.  Heavy  supplies  of  other  fruits  occurring  late  in  the  peach 
season  may  affect  the  profit  of  storing  peaches. 

The  quality  of  the  fruit  stored  should  be  such  as  to  allow  as  much 
time  as  possible  for  waiting  for  an  improved  market.  Peaches  of 
good  quality  and,  perhaps,  a  little  green  are  usually  preferred  for 
storing. 

PEACH  PRICES  VARY  WITH  SUPPLY  CHANGES  FROM  DAY  TO  DAY 

Even  the  weekly  averages  of  peach  prices  may  represent  a  con- 
siderable price  fluctuation  from  day  to  day,  within  the  week.  It  is 
not  unusual  for  prices  to  change  as  much  as  50  to  75  cents  per  crate 
within  a  week,  and  such  changes  in  prices  mav  have  a  material  effect 
upon  the  returns  which  a  given  shipment  of  peaches  brings  to  the 
grower. 

The  extent  to  which  both  peach  suppUes  and  peach  prices  vary 
from  day  to  day  is  illustrated  in  Figure  8,  which  shows  the  day-by-day 
movement  of  rail  receipts  in  New  York  and  the  average  price  per 
crate  of  southern  peaches  for  each  day  of  the  Georgia  season  in  1924 
and  1925.' 

Figure  8  shows  that  in  general  there  is  an  inverse  relationship 
between  arrivals  and  price.  An  increase  in  arrivals  over  a  period  of 
a  few  days  is  accompanied  by  a  drop  in  price,  and  prices  move  upward 
when  arrivals  are  decreasing.  For  individual  days,  however,  the 
relationship  does  not  hold.  This  is  due  partly  to  the  fact  that  arri- 
vals do  not  always  represent  accurately  the  supply  on  the  market. 
Actual  unloads  differ  from  arrivals  because  of  storage  movements  and 
carry-over  on  car  floats.  Prior  to  1927  the  holding  of  cars  in  the 
Jersey  City  railroad  yards  was  not  allowed,  so  that  these  two  items 
account  for  the  discrepancies  between  arrivals  and  unloads  in  1924 
and  in  1925. 

Another  important  factor  affecting  the  inverse  movement  of  daily 
arrivals  and  price,  as  shown  in  Figure  9,  is  the  regular  difference 

♦  Arrivals  by  rail  do  not  include  the  whole  daily  supply,  because  of  the  large  volume  of  motor-truck 
shipments  from  New  Jersey.  This  means  that  actual  market  supplies  are  considerably  larger  at  the  end 
of  the  Georgia  season  than  is  indicated  by  the  arrival  totals  shown  in  Figure  8. 
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between  the  strength  of  market  demand  on  one  day  of  the  week  and 
on  another  day.  More  peaches  can  be  sold  on  Monday  than  on 
Wednesday  at  a  given  price.  The  strong  demand  on  Monday  is  the 
most  noticeable  example  of  change  in  market  demand  with  the  day 
of  the  week.  These  differences  in  daily  demand  are  due  mainly  to 
long-established  trade  practices  and  are  regular  enough  to  allow  the 
construction  of  an  index  number  showing  the  relative  market 
strength  of  the  days  of  the  week.     The  average  daily  variation  in 
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Figure  8.— Daily  Arrivals  and  Prices  of  Peaches  at  New  York  During 
Georgia  Season,  1924  and  1925 

In  1924  there  was  a  heavy  movement  of  early  varieties,  then  came  a  lull  in  arrivals  followed  by 
extremely  heavy  unloads  concentrated  in  a  short  period.  The  1925  season  Y'^as  unlike  that  of  1924. 
It  began  earlier,  the  shipments  of  early  varieties  were  light,  and  the  flow  of  supplies  to  market  was 
much  smoother. 

supply,  calculated  on  the  basis  of  daily  market  supply  through  the 
season,^  is  given  here. 

Average  day's  supply  in 
Day  per  cent  of  average  for  week 

Monday 145 

Tuesday 91 

Wednesday 81 

Thursday 95 

Friday 101 

Saturday 87 

The  relationship  between  daily  unloads,  adjusted  to  eliminate  the 
average  daily  variation  in  supply,  and  the  daily  average  price  of 
medium-sized  Elbertas  in  1924  is  shown  in  Figure  9.^ 

The  inverse  relationship  between  unloads  and  price  is  apparent  in 
Figure  9.    Heavy  unloads  are  sold  at  lower  prices  than  is  a  smaller 


"  Market  supply  is  derived  from  arrivals  by  deducting  cars  going  into  storage,  adding  cars  delivered  out 
of  storage  the  preceding  day,  and  adding  cars  left  on  car  floats  the  |)receding  day.  Each  day's  supply  was 
expressed  as  a  percentage  of  tlie  average  for  the  particular  week.  The  percentages  were  put  in  arrays  for 
each  day  of  the  week.  The  simple  average  of  the  middle  three  items  in  each  array  was  taken  as  represent- 
ing the  relative  importance  of  the  day  of  the  week.    These  six  averages  were  adjusted  to  average  100. 

6  The  supplies  are  adjusted  by  dividing  by  the  average  dafly  variations.  Thus,  a  supply  of  145  cars  on 
Monday  is  no  more  a  burden  on  the  market  than  91  would  be  on  Tuesday;  so  the  Monday  supply  adjusted 

145 
for  variation  would  be  7:;,.= 100  per  cent. 


145 
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volume.  There  is  some  variation  about  the  average  relationship, 
mainly  because  of  changes  in  the  composition  of  the  supply  from 
day  to  day.  Prices  on  the  two  days  of  heaviest  supply  in  the  period 
shown  in  Figure  9  were  about  $1.10  per  crate  for  medium-sized 
Elberta.  The  corrected  unloads  amounted  to  155  cars  on  one  day 
and  171  cars  on  the  other  day. 

The  sharp  drop  in  price  with  excessive  suppHes  indicates  an  impor- 
tant characteristic  of  the  peach  market.  There  is  a  tendency  for 
gross  sales  to  decrease  when  the  daily  supplies  are  very  much  larger 
than  the  market  demands.  The  fruit  can  not  be  sold  in  a  glutted 
market  unless  prices  are  extremely  low,  so  low  in  facf  that  the  gross 
total  value  of  the  sales  of  the  day  may  be  under  that  of  a  day  of  more 
moderate  supply. 

The  tendency  for  a  decKne  in  daily  gross  sales  to  set  in  when  sup- 
plies are  inordinately  heavy  can  be  seen  in  the  records  of  wholesale 
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Figure  9.— Prices  of  Elberta  Peaches  and  Total  Daily  Unloads,  July  19- 

AUGUST  22,   1924 

Prices  drop  sharply  with  increases  in  daily  supply.  Correcting  unloads  for  daily  variation  in 
demand  shows  the  inverse  relationship  between  daily  unloads  and  price  more  clearly  than  it  is 
shown  in  the  uncorrected,  chronological  chart. 

prices  in  1924.  All  the  dail^  unloads  of  the  Georgia  season  were 
adjusted  for  daily  variation  in  supply  to  make  them  comparable. 
The  corrected-unloads  figure  for  each  day  was  multiplied  by  the 
weighted-average  price  per  crate  of  all  peaches  sold  that  day.  The 
observations  for  each  day  were  then  plotted,  with  one  dot  for  each 
day,  as  shown  in  Figure  10.  Figure  10  shows  that  the  daily  gross 
sales  increase  when  unloads  increase,  up  to  a  point  in  the  neighborhood 
of  100  cars  a  day,  corrected  unloads. 

Averages  of  daily  gross  sales  show  that  on  the  days  when  adjusted 
unloads  were  between  70  and  100  cars  practically  as  much  money  was 
realized  on  the  peaches  sold  as  on  the  average  of  all  days  when  cor- 
rected unloads  were  above  100  cars.  The  average  unloads  in  the  for- 
mer group  were  99  cars  a  day ;  in  the  latter  group  140  cars.  This  seems 
to  indicate  that  the  turning  point  in  gross  sales  is  near  100  cars  a  day, 
taking  account  of  daily  variation.     This  would  mean  approximately 
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150  cars  on  Monday,  90  or  so  on  Tuesday,  and  so  on,  in  terms  of  actual 
carloads. 

The  diagonal  line  in  Figure  10  is  the  dividing  line  between  days  on 
which  market  prices  were  sufficient  to  pay  all  expenses  of  harvesting 
and  marketing  and  days  when  they  were  not.  All  points  lying  below 
the  nearly  straight  line  drawn  from  the  lower  left-hand  corner  repre- 
sent days  on  which  the  market  price  was  lower  than  these  expenses. 
The  expenses  included  are  as  follows:  Picking,  packing,  cost  of  con- 
tainer, delivery  to  shipping  point,  53  cents  per  crate ;^  freight,  70  cents; 
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Figure  10 —Daily  Unloads  of    Peaches,  Gross  Sales  Value,  and  Net 
Value  TO  Producers,  for  Main  Georgia  Season,  1924 

There  is  a  tendency  for  daily  gross  returns  not  to  increase  when  daily  supplies  become  excessively 
heavy.  In  1924,  net  returns  to  growers  on  days  when  corrected  unloads  were  above  100  cars  were 
generally  less  than  on  days  when  unloads  were  between  70  and  100  cars. 

sorting,  one-half  cent;  commission,  7)^  per  cent  of  the  selling  price. 
This  leaves  nothing  at  all  for  growing  costs. 

The  space  between  the  two  curves  in  Figure  10  represents  the 
amount  available  for  growing  costs  and  net  return.  Subtracting  the 
costs  line  from  the  value  line  at  any  given  point  gives  the  gross  return 
to  producers  above  packing  and  marketing  costs.  This  margin  is 
much  wider  for  mocferate  supplies  than  for  larger  supplies.  Indi- 
vidual growers  who  market  their  peaches  in  times  of  small  supplies 
get  the  highest  return.     For  the  industry  as  a  whole  the  largest 


'  Brodell,  a.  p.,  and  Washburn,  R.  S.    appendix  of  tables  to  the  commercial  fresh  peach  in- 
dustry  IN   the    united   states,     part   II.      (COST   OF   DEVELOPING   ORCHARDS   AND   COST   OF   PRODUCING 

PEACHES.)     U.  S.  Dept.  Agr.,  Bur.  Agr.  Econ.  [Mimeographed]  1926. 
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return  seems  to  be  that  realized  with  daily  supplies  of  about  75  cars 
(adjusted  for  daily  variation  in  supply),  the  spread  being  widest  near 
that  point. 

Smoothing  out  supplies  in  accordance  with  the  average  daily  varia- 
tion would  give  an  average  price  of  about  $1.60  for  a  weekly  total 
supply  of  about  650  cars,  according  to  the  indications  of  Figure  10. 
Actual  prices  in  a  week  of  about  that  supply  in  1924  averaged  about 
30  cents  per  crate  less  than  that.  The  concentration  of  supplies  in 
two  or  three  very  heavy  daily  unloads  accounts  largely  for  the 
difference. 

Extreme  concentration  of  daily  supplies  was  one  of  the  chief  causes 
of  unsatisfactory  returns  for  a  large  part  of  the  1924  shipments. 
In  the  seven  market  days  of  July  14  to  21,  inclusive,  the  total  arrivals 
in  New  York  were  1,065  cars,  the  average  152.  cars  a  day,  and  approxi- 
mately 27  per  cent  of  all  the  peaches  that  the  Southern  States  shipped 
to  New  York  in  1924  reached  the  market  in  that  brief  period.  The 
seven  heaviest  successive  business  days  of  1925,  from  July  17  to  24, 
inclusive,  showed  total  arrivals  of  only  847  cars,  averaging  121  cars 
a  day. 

The  effect  of  the  continuous  oversupply  in  that  period  in  1924  was 
disastrous.  Heavy  supplies  on  a  given  day  depress  the  price  that 
day;  heavy  supplies  on  two  successive  days  depress  it  relatively  much 
further.  On  two  successive  market  days  in  the  glut  period  of  1924 
(July  19  and  21)  the  adjusted  supply  was  nearly  the  same — 186  cars 
on  the  first  day  and  183  on  the  second.  On  the  19th  the  average  price 
of  all  peaches  was  $1.12  a  crate;  on  the  21st  it  was  only  $1.03.  The 
difficulty  of  carrying  over  fruit  that  had  already  been  put  on  the 
market  and  the  psychological  depression  of  the  trade  make  matters 
worse  every  day  that  the  glut  continues.  The  weighted  average  price 
of  all  peaches  sold  on  these  seven  days  of  the  1924  season  was  $1.20 
per  crate.  The  average  return  to  the  shipper  was  40  cents  per  crate. 
Picking  and  packing  costs  alone  are  about  53  cents  per  crate.  There 
was  a  loss  of  13  cents  on  those  alone,  to  say  nothing  of  growing  costs. 

Beyond  a  certain  point,  estimated  at  about  100  cars  a  day,  adjusted 
for  daily  variation,  the  gross  sales  do  not  increase.  Beyond  about 
85  to  90  cars  a  day,  corrected,  the  net  returns  decrease.  Supplies 
above  about  650  cars  a  week  are  likely  to  show  no  increase  in  gross 
seUing  price.  A  week  of  large  supply  in  which  most  of  the  supply  is 
unloaded  in  two  or  three  days  will  bring  a  lower  gross  return  than  a 
week  in  which  the  supplies  are  distributed  nearly  in  proportion  to 
the  index  numbers  of  daily  variation  in  demand.  Concentration  of 
suppHes  within  a  period  of  a  very  few  days  has  a  very  damaging 
effect  on  prices. 

OTHER  FACTORS  AFFECTING  PEACH  PRICES 

Besides  responding  to  the  supply,  it  is  probable  that  peach  prices 
are  affected  by  changes  in  demand.  Such  changes  in  demand  may 
be  due  to  changes  in  the  supphes  or  in  the  prices  of  competitive 
fruits,  such  as  melons,  grapes,  and  the  like;  changes  in  climatic 
conditions,  such  as  temperature  or  rainfall,  which  may  alter  consum- 
ers' wishes;  and  changes  in  business  conditions,  with  resulting  differ- 
ences in  consumers'  abihty  to  buy. 

37093°— 29 2 
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Although  these  demand  factors  would  undoubtedly  have  some 
influence  upon  peach  prices,  it  is  evident  that  they  are  much  less 
important  than  are  supply  changes.  It  is  not  yet  known  how  far 
such  competitive  products  or  other  demand  factors  affect  peach 
prices;  further  studies  are  needed  before  positive  conclusions  can  be 
reached. 

REASONS  FOR  DIFFERENCES  IN  PRICE  FOR  INDIVIDUAL  LOTS   OF 

PEACHES 

RELATION  OF  PEACH  VARIETIES  TO  PRICES 

Besides  the  general  supply  and  demand  factors  which  cause  peach 
prices  to  change  from  day  to  day  or  week  to  week,  there  are  other 
factors  which  cause  differences  in  prices  between  different  lots  sold 
on  the  same  day.  Some  of  these  are  quality  factors;  others  are 
partly  due  to  the  differences  in  composition  of  the  supply. 
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Figure  11. -Daily  Prices  at  New  York  of  Two  Varieties  of  Peaches 

FROM  New  Jersey 

The  Elberta  from  New  Jersey  sold  for  a  higher  price  per  crate  than  the  Belle  from  New  Jersey  on 
every  day  but  one  during  the  heavy  peach  movement  from  that  State  in  1924.  The  average 
difference  in  price  was  about  60  cents  per  crate. 

There  are  marked  differences  in  quahty  between  different  varieties 
of  peaches,  and  so  consumers  are  mlling  to  pay  more  for  certain 
varieties  than  for  others.  This  preference  is  reflected  in  the  jobbers' 
demand  at  wholesale,  in  New  York  and  elsewhere,  and  is  an  important 
factor  in  determining  the  market  price.  In  some  instances  the 
preference,  based  on  differences  in  appearance  and  flavor,  is  so  pro- 
nounced that  peaches  of  one  variety  nearly  always  sell  for  a  higher 
price  than  those  of  another  variety  which  competes  with  them. 
This  is  true  of  the  competition  of  the  Belle  grown  in  New  Jersey 
with  Elberta  peaches  grown  in  the  same  State.  Figure  11  shows  the 
marked  difference  in  price  per  crate  for  the  Belle  and  Elberta,  both 
from  New  Jersey.  The  Belle  sold  for  a  higher  price  than  the  Elberta 
on  only  1  day  out  of  11,  the  Elberta  receiving  a  premium  on  all  the 
other  days.  The  average  difference  was  about  60  cents  per  crate 
in  favor  of  the  Elberta. 
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There  was  a  similar  spread  between  peaches  in  bushel  baskets  of 
the  same  varieties  also  from  New  Jersey.  The  Elberta  packed  in 
bushel  baskets  received  on  the  average  a  premium  of  58  cents  per 
basket  over  the  Belle,  and  at  no  time  did  the  Belle  bring  a  higher 
price  than  the  Elberta.  The  fact  that  the  premium  was  consistently 
maintained  in  the  prices  of  the  Elberta  and  the  Belle  in  the  face  of 
changing  supplies  of  the  respective  varieties  indicated  a  very  decided 
preference  for  the  Elberta  from  New  Jersey  over  the  Belle«from  New 
Jersey. 

The  season  of  1924  alTords  an  excellent  opportunity  of  measuring 
the  market  preferences  for  different  varieties.  The  early  varieties 
were  delayed  in  ripening,  whereas  the  mid-season  varieties  matured 
at  the  usual  time,  the  result  being  severe  competition  among  different 
varieties  in  instances  in  which  they  all  reached  the  market  at  nearly 
the  same  time.     The  course  of  prices  for  the  most  important  varieties 
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Figure  12.— Average  Price  of  Georgia  Peaches  at  New  York,  by  Va- 
rieties, FOR  Six  Weeks,  1924 

Early  varieties  of  peaches  usually  sell  at  a  discount  below  mid-season  varieties  when  both  are  on 
the  market.  Except  for  minor  differences,  however,  there  is  during  some  seasons  but  little  price 
preference  as  between  the  three  mid-season  varieties. 


is  shown  in  Figure  12  for  the  Georgia  marketing  season.  This 
figure  indicates  that  the  Uneeda  and  Carman  sold  at  a  discount 
below  the  Early  Rose  on  most  days,  and  that  the  Hiley  sold  toward 
the  end  of  the  Early  Rose  and  Carman  seasons  at  a  price  above  that 
of  the  Early  Rose  and  much  above  that  of  the  Carman. 

The  low  prices  paid  for  the  Early  Rose  and  the  Carman  in  1924, 
in  competition  with  later  varieties,  is  typical  of  all  the  early  varieties. 
Ordinarily  the  flavor  and  quality  of  these  peaches  is  so  poor  that  they 
are  much  less  in  demand  than  later  peaches.  In  occasional  years, 
however,  when  weather  conditions  have  been  usually  favorable,  they 
are  of  better  quality  than  usual,  and  in  such  seasons  they  sell  to 
somewhat  better  advantage. 

Figure  12  shows  also  that  during  the  1924  season  the  Belle  and  the 
Elberta  sold  just  about  on  a  par  with  the  Hiley.  The  market  appar- 
ently had  no  special  preference  for  any  of  these  three  main  varieties 
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for  the  particular  season  of  1924,  but  during  periods  when  the  supply 
of  the  Belle  is  unusually  large  it  sells  at  a  discount  below  the  Elberta. 
This  is  clearly  shown  by  the  record  of  the  1925  season,  as  shown 
in  Figure  13.  This  figure  shows  the  unloads  of  peaches  of  the  two 
varieties  at  New  York  by  days  and  the  average  daily  price  for  each 
variet.y  for  crates  packed  2  by  2  by  6.  During  the  period  from  July  17 
to  21,  only  about  one- tenth  as  many  cars  of  the  Belle  wxre  unloaded 
as  of  the  Jlllberta,  and  the  Belle  brought  substantial  premiums  from 
Jul}^  18  to  22.  Beginning  with  the  22d,  the  proportion  of  peaches 
of  the  Belle  variety  increased;  and  f6r  the  period  July  22  to  July  28 
the  unloads  of  the  Belle  variety  were  about  one-fifth  as  large  as 
the  unloads  of  the  Elberta,  and  both  sold  for  about  the  same  prices. 
On  July  30  and  31,  however,  the  unloads  of  the  Belle  rose  to  one- 
third  as  many  as  the  unloads  of  the  Elberta,  and  prices  of  the  Belle 
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Figure  13.— Unloads  and  Prices  of  Two  Varieties  of  Peaches  at  New 
York  for  20  Days  in  1925 

Belle  and  Elberta  peaches  both  sold  for  about  the  same  price  when  there  was  over  one-fifth  as 
many  of  the  Belle  as  of  the  Elberta  on  the  market.  When  the  proportion  was  larger  than  this 
the  Belle  sold  at  a  discount;  when  much  less  than  this  it  usually  brought  a  premium. 

were  discounted  sharply,  falling  to  about  80  cents  per  crate  below 
Elberta  prices  on  July  31.  Beginning  with  August  1,  receipts  of 
the  Belle  fell  off  once  more,  dropping  well  below  one-tenth  the  unloads 
of  the  Elberta.  The  Belle  stayed  below  the  Elberta  in  price  for  a 
couple  of  days,  but  under  the  influence  of  the  very  low  supplies  the 
price  recovered  on  August  4,  and  for  several  days  the  Belle  sold  at 
marked  premiums  above  the  Elberta. 

The  record  during  1924,  which  is  characteristic  of  other  years  as 
well,  indicates  that  the  demand  for  the  Belle  in  New  York  is  definitely 
limited.  It  will  sell  on  a  par  with  the  Elberta  if  its  supply  is  limited 
on  the  market  at  any  time,  but  if  the  unloads  of  the  Belle  increase  to 
much  more  than  one-fifth  of  the  unloads  of  the  Elberta  the  Belle 
sells  at  a  marked  discovmt.  On  the  other  hand,  when  the  market  is 
adjusted  to  taking  this  one-fifth  of  the  Belle,  if  the  proportion  is  then 
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sharply  reduced  below  one-fifth,  the  shipments  that  do  arrive  will 
bring  a  premium  over  Elbert  a  for  a  limited  time. 


EFFECT  OF  SIZE  OF  PEACHES  ON  PRICE 

Prices  for  individual  lots  of  peaches  vary  with  the  size  of  the  peaches 
as  well  as  with  variety.  The  preference  for  large-sized  peaches  is 
definitely  evidenced  in  New  York  market  prices.  Figure  14  shows  the 
daily  weighted  average  prices  of  crates  of  large  peaches  of  the  Elberta 
variety,  packed  2  by  1,  6  layers,  and  medium-size  peaches,  packed 
2  by  2,  6  layers,  in  the  season  of  1924.  (The  terminology  ''2  by  2 
by  6"  wdll  be  used  to  indicate  this  size  and  pack  hereafter.)  The 
upper  line  represents  prices  of  2  by  1  by  6  peaches  from  day  to  day 
and  the  lower  line  the  prices  of  corresponding  crates  of  2  by  2  by  6. 
The  spread  between  the  two  lines  varies  somewhat  from  day  to  day 
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Figure  14.— Daily  Average  Price  at  New  York  of  Different  Sizes  of 

Elberta  Peaches 

Large-size  peaches  sold  for  a  higher  price  than  medium-size  peaches  of  the  same  variety  every  day 
of  the  Georgia  season.    The  margin  varied  from  day  to  day,  being  affected  by  the  composition  of 
'    the  daily  supplies  with  regard  to  size  and  other  market  conditions. 

and  is  narrow  at  one  period,  but  the  lines  do  not  cross  or  even  touch; 
the  larger  size  brought  the  higher  price  every  day  of  the  season. 

The  demand  of  the  New  York  market  for  large-size  peaches  is  very 
strong  and  steady.  The  average  premium  of  2  by  1  by  6  peaches 
over  2  by  2  by  6  peaches  of  the  Elberta  variety  is  between  7  and  12 
per  cent.  The  Elberta,  size  2  by  3  by  6,  generally  sells  at  a  discount 
of  10  to  15  per  cent  below  the  medium  size  of  the  same  variety. 
Retailers  who  sell  by  the  peach,  especially  for  the  cheaper  trade,  are 
interested  in  getting  the  larger  number  of  peaches  contained  in  a 
crate  of  2  by  3  by  6  or  smaller  peaches,  but  apparently  such  demand 
never  reaches  the  point  of  putting  peaches  on  one  of  the  three  standard 
sizes  on  a  par  in  price  with  those  of  the  next  larger  size. 

The  firmness  of  the  size  differential  is  shown  clearly  in  the  course  of 
prices  and  supplies  by  size  in  1924.  The  daily  New  York  unloads  of 
southern  peaches  by  size,  all  varieties  combined,  are  plotted  in  Figure 
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15;  the  unloads  of  2  by  3  by  6  peaches  and  smaller  sizes  constitute 
the  bottom  section,  the  2  by  2  by  6  peach  unloads  are  above  that, 
and  the  2  by  1  by  6's  above  to  these  two  give  the  top  section,  the 
uppermost  line  showing  also  the  daily  totals.  While  the  total  supply 
decreased,  the  composition  of  the  daily  total  with  regard  to  size  kept 
changing  because  the  supplies  by  size  did  not  all  move  together. 

The  change  in  the  relative  importance  of  the  three  sizes  in  the  total 
daily  supply  is  illustrated  in  Figure  16,  which  gives  the  unloads  of 
each  size  as  a  percentage  of  total  unloads  for  each  day.  The  most 
significant  change  in  the  course  of  the  season  is  the  striking  increase 
in  the  proportion  of  large-size  peaches,  which  constituted  about  7 
per  cent  of  the  day's  unloads  on  July  19,  and  increased  steadily  to 
about  62  per  cent  of  the  total  on  August  22.  The  increase  is  accounted 
for  largely  by  the  fact  that  the  period  illustrated  in  Figures  15  and  16 


Figure  15.— Unloads  of  Southern   Peaches  at  Nev/  York  by  Size  of 

Peaches.  1924 

The  total  daily  supply  of  peaches  decreased  as  the  season  progressed,  but  large-size  peaches  formed 
less  than  10  per  cent  of  the  total  daily  supply  of  southern  peaches  at  the  beginning  of  the  Elberta 
season  and  over  60  per  cent  at  the  end  of  the  season. 

begins  in  the  early  part  of  the  Elberta  season,  when  there  were  many 
small  Hiley  peaches  on  the  market,  and  runs  through  the  rest  of  the 
Elberta  season,  with  the  Elberta  and  Belle  varieties  dominant,  and 
many  large-size  peaches  of  the  J.  H.  Hale  variety  coming  in  toward 
the  end. 

In  spite  of  the  fact  that,  as  the  season  progressed,  the  2  by  1  by  6 
peaches  became  more  numerous  than  the  2  by  2  by  6  peaches,  the 
premium  on  the  larger  size  was  not  eliminated.  On  each  of  the  four 
days  from  August  19  to  22,  inclusive,  peaches  of  the  2  by  1  by  6  size 
formed  over  60  per  cent  of  the  total  supply  for  the  day  (fig.  16); 
in  the  face  of  that  situation,  2  by  1  by  6  Elberta  peaches  received  a 
price  premium  averaging  about  5  per  cent  for  these  four  days.  (Fig. 
14.)  The  drop  in  the  premium  from  that  which  was  paid  earlier  in 
the  season  shows  that  size  differentials  are  somewhat  aftected  by 
changes  in  the  composition  of  supply  with  regard  to  size,  but  the 
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influence  of  these  changes  is  evidently  limited  by  the  very  pronounced 
preference  for  large  peaches. 

Returns  to  growers,  by  size,  show  more  clearly  the  importance  of 
the  size  differentials  than  do  market  prices,  because  marketing  costs 
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Figure  16.— Composition  of  Daily  Peach  Unloads  by  Size  at  New  York 

Daily  unloads  of  medium-size  peaches  declined  steadily  in  volume  from  the  peak  of  the  season. 
The  supply  of  small  peaches  fell  off  after  the  Hiley  season  and  continued  light  except  for  the 
period  from  the  11th  to  the  15th  of  August.  The  supply  of  large-size  peaches  remained  heavy 
through  the  season. 
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Figure  17.— Relation  Between  Daily  Supply  of  Peaches  at  New  York 
AND  Returns  for  Elberta  Peaches  by  Sizes,  1924 

Large  peaches  yield  the  grower  a  substantial  return  at  the  same  time  that  small  peaches  bring 
very  little.  Particularly  at  times  when  supplies  are  very  heavy,  as  for  example  when  daily  receipts 
are  running  100  cars  or  more,  it  may  not  pay  to  pick  and  pack  the  smaller  peaches. 

are  nearly  the  same  for  all  sizes.  Figure  17  shows  the  average  rela- 
tionship between  the  daily  supply  of  southern  peaches  and  the  return 
to  growers  per  crate,  by  sizes,  for  the  Elberta  in  1924.  A  supply  of 
88  cars  gave  the  grower  a  return  of  about  a  dollar  a  crate  on  medium- 
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size  Elbertas.  The  return  on  2  by  1  by  6  peaches  for  the  same  supply 
was  about  $1.25,  wMle  2  by  3  by  6  peaches  of  the  same  variety,  solid 
under  the  same  conditions  of  supply,  brought  back  only  70  cents  a 
crate. 

This  chart  is  of  great  significance  to  the  grower  who  is  threatened 
with  low  prices  for  his  product,  for  it  indicates  that  on  some  days  he 
could  not  even  cover  the  cost  of  picking  and  packing  for  sizes  which 
are  too  small.  The  line  which  has  been  drawn  across  the  chart  (at 
53  cents)  indicates  the  average  cost  of  picking,  packing,  and  delivering 
to  the  local  shipping  point  during  this  period.  It  is  evident  that  under 
certain  conditions  the  returns  to  the  grower  would  not  be  sufficient 
to  pay  even  these  costs.  Thus,  during  the  period  in  1924,  when 
receipts  at  New  York  were  running  130  cars  per  day  or  higher, 
peaches  of  a  size  to  pack  2  by  1  by  6  were  bringing  the  grower  a  net 
return  of  about  80  cents  per  crate,  or  about  25  cents  above  harvesting 
costs;  but  2  by  2  by  6  peaches  were  returning  only  about  55  cents, 
or  just  enough  to  cover  harvesting,  and  2  by  3  by  6  peaches  were 
returning  only  about  20  cents,  a  loss  to  the  grower  of  over  30  cents 
on  harvesting  alone.  Similarly,  when  receipts  were  running  100  cars 
a  day,  though  the  two  larger  sizes  returned  something  above  the 
expenses  of  harvesting,  the  smallest  size  returned  just  enough  to  pay 
those  expenses.     Expenses  of  growing  were  a  loss. 

Obviously,  it  does  not  pay  any  grower  to  harvest  or  ship  peaches 
which  will  not  return  him  enough  to  pay  the  costs  of  harvesting  the 
fruit.  When  supplies  do  become  so  heavy  that  such  a  situation 
prevails,  it  pays  to  pick,  pack,  and  ship  only  the  larger  sizes,  which 
are  sure  to  bring  some  return.  The  remainder  should  be  disposed 
of  in  some  other  way.  Such  procedure  would  not  only  prevent  the 
absolute  losses  on  the  smaller  sizes,  but  by  lessening  the  pressure  of 
supplies  upon  the  market  would  raise  the  prices  received  for  the 
peaches  which  were  shipped  to  a  point  that  might  return  some  margin. 

DISCOUNT  ON  PEACHES  OF  POOR  QUAUTY  OR  IN  POOR  CONDITION 

Peaches  of  poor  quality  or  peaches  that  reach  the  market  in  poor 
condition  always  sell  at  a  marked  discount.  Records  of  New  Jersey 
sales  usually  do  not  indicate  the  condition  of  the  peaches'.  The 
New  Jersey  peaches  are  usually  sold  in  small  lots,  and  at  lower  prices 
than  southern  peaches,  during  the  period  of  overlapping  in  the  New 
York  market.  In  New  York  City,  crates  of  southern  peaches  amount- 
ing to  over  250  cars  a  year  are  sold  below  the  market  because  they 
do  not  meet  the  usual  quality  requirement  of  the  trade.  Some  of 
these  peaches  have  brown  rot,  some  are  moldy,  many  are  green  or 
overripe;  a  large  number  are  bruised.  These  conditions  are  among 
the  commoner  causes  of  sale  at  a  mark-down  price. 

In  some  instances  the  difficulty  lies  in  shipping  low-grade  fruit  or 
in  shipping  good  fruit  at  the  wrong  time  (either  sending  it  in  before 
it  is  ready  or  waiting  too  long).  In  other  cases  good  fruit  is  shipped 
out  carelessly  or  is  improperly  packed  and  therefore  below  standard 
when  it  reaches  the  market.  About  7  per  cent  of  the  southern 
peaches  sold  in  New  York  in  1924  and  1925  were  discounted  for  poor 
quality  or  condition,  the  discount  being  about  15  per  cent  on  the 
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average.^  With  heavy  shipments  making  it  difficult  to  dispose  of 
good  peaches  at  a  profit,  the  presence  of  low-grade  stock  depresses 
the  market  still  further.  The  same  point  is  true  here  that  was 
brought  out  with  respect  to  the  size  of  the  peaches.  If  the  peaches 
are  of  such  poor  quality  that  they  will  not  even  sell  for  enough  to 
pay  the  costs  of  harvesting,  shipping,  and  selling,  it  is  better  not  to 
harvest  the  peaches  at  all. 

USE  OF  GRADE  MARES  ON  NEW  JERSEY  PEACHES 

The  use  of  grade  marks  to  distinguish  peaches  by  quality  requires 
accurate  sorting  and  marking  in  order  to  be  of  any  help  in  marketing 
the  fruit.  Grade  marks  are  used  rather  commonly  on  New  Jersey 
peaches  sold  in  New  York,  but  they  are  not  accurate  enough  to 
be  accepted  at  face  value  in  the  New  York  market.  Shippers  use  a 
wide  variety  of  grade  marks,  including  some  use  of  the  standard 
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Figure  18.— Prices  at  New  York  of  Elberta  Peaches  from  New  Jersey 
WITH  Different  Grade  Marks 

Daily  average  prices  of  New  Jersey  peaches  show  that  the  New  York  market  does  not  accept 
the  grade  marks  at  face  value.  Unreliable  grading  destroys  the  confidence  of  buyers  in  the  New 
Jersey  offerings  and  results  in  lower  prices. 

United  States  grades  and  a  host  of  private  marketings  running  from 
Fancy,  Extra  Fancy,  Special,  through  Fancy's  with  one  star  or  two 
stars.  Extra  Fancy's  with  one  to  four  stars,  and  so  on.  It  is  practi- 
cally impossible  to  attach  any  definite  significance  to  a  particular 
mark  under  such  circumstances.  Market  prices  show  that  no  con- 
sistent premiums  are  paid  for  the  fancier  grade  marks.  For  example, 
Figure  18  shows  that  on  four  days  out  of  nine  the  price  per  crate  of 
Fancy  Elberta  was  higher  than  that  per  crate  of  Extra  Fancy  Elberta. 
On  August  11,  the  price  of  Fancy  Elberta  was  very  low,^  and  Elberta 
marked  ''Plain"  sold  for  more  than  the  Elberta  marked  ''Fancy/' 

"  For  example,  the  average  discount  for  poor  quality  or  condition  for  medium-size  Elberta  was  28  cents 
l)er  crate  in  1924  and  39  cents  i>er  crate  in  1925,  i)each  prices  being  higher  in  the  latter  vear.  The  comparison 
was  made  between  the  poor  i)eaches  and  the  weighted  average  price  of  all  other  peaches,  the  latter  class 
itself  mcludmg  a  fairly  wide  range  of  appearance  and  general  condition  for  peaches  accepted  as  being  up  to 
reasonable  standards  of  marketing. 

»  There  may  have  been  an  unusually  large  proportion  of  the  Fancy  Elberta  in  poor  condition  on  that 
day.    The  sales  records  did  not  indicate  condition. 
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It  is  evident  that  the  trade  does  not  always  agree  with  the  New 
Jersey  shipper  in  the  matter  of  grade  marks.  The  diversity  and 
inaccuracy  of  the  private  markings  react  unfavorably  on  the  buyers. 
The  confusion  with  regard  to  quality  makes  it  more  difficult  to  sell 
the  New  Jersey  offerings  and  probably  accounts  in  some  measure 
for  the  fact  that  New  Jersey  stock  is  handled  on  consignment  at  a 
commission  of  about  10  per  cent,  whereas  the  more  carefully  selected 
Georgia  peaches  are  sold  in  New  York  at  an  average  commission  of 
7  to  8  per  cent. 

Figure  19  shows  chronologically  the  movement  of  rail  receipts  at 
New  York  and  the  daily  weighted  average  price  per  crate  of  all  New 
Jersey  peaches  sold  in  New  York  each  day  for  1924  and  1925.  The 
period  shown  includes  the  whole  of  the  New  Jersey  season  in  each 
year.  Receipts  by  rail  include  practically  all  of  the  daily  market 
supply  in  the  early  part  of  the  New  Jersey  peach  movement,  so  that 
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FIGURE  19.— Daily  Car-Lot  Arrivals  and   Prices  of  Peaches  at   New 
York  During  the  New  Jersey  Season,  1924  and  1925 

Prices  of  New  Jersey  peaches  move  upward  as  the  total  supplies  decrease.  The  arrivals  shown 
in  the  figure  do  not  represent  total  receipts  in  New  York,  since  a  large  part  of  the  New  Jersey 
shipment  reaches  New  York  by  motor  truck. 

Figure  19  gives  an  accurate  picture  of  the  volume  of  New  York 
receipts  at  the  time  New  Jersey  peaches  enter  the  market.  Later  in 
the  season  the  large  quantities  of  motor-truck  shipments  from  New 
Jersey  make  the  total  daily  supply  considerably  heavier  than  appears 
from  the  arrivals  by  rail.  The  upward  trend  of  prices  as  receipts 
decline  in  the  course  of  the  New  Jersey  season  is  apparent,  even 
though  receipts  by  rail  do  not  represent  the  whole  supply. 

Prices  received  in  New  York  for  New  Jersey  peaches  are  decidedly 
lower  than  prices  of  southern  peaches  on  the  market  the  same  day. 
Figure  20  shows  the  daily  weighted  average  price  per  crate  of  all  south- 
ern peaches  and  of  all  New  Jersey  peaches.  The  southern  peaches 
sold  for  a  higher  average  price  evary  day.  During  the  early  part  of 
the  competition  the  dominant  variety  in  the  New  Jersey  supply  is  the 
Carman.  This  variety  is  generally  considered  to  be  of  lower  quality 
than   are   the   Hiley,   the  Belle,   and  Elberta.     The  Carman  from 
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Georgia  always  sells  for  a  lower  daily  average  price  than  the  Georgia- 
grown  Hiley  sells  for  on  the  same  day.  But  the  Georgia-grown 
Hiley  usually  sells  for  about  the  same  price  as  the  Belle  and  Elberta 
from  that  State,  and  Figure  20  shows  that  in  1924  the  New  Jersey- 
grown  Hiley  averaged  much  lower  in  price  than  the  Belle  and 
Elberta  from  Georgia.  Nearness  to  the  market  may  induce  some 
growers  to  ship  poor-quality  peaches,  because  of  the  low  freight 
charges.  When  this  condition  is  coupled  with  general  inattention  to 
sorting  and  marking  the  fruit,  it  may  be  an  important  factor  in  causing 
low  prices  for  all  peaches  from  that  producing  district. 


EFFECT  OF  PACK  ON  PRICE 


There  is  a  decided  preference  for  crated  peaches  in  the  New  York 
market;  consequently,  a  bushel  basket  of  peaches  generalh'  sells  for 
a  lower  price  than  does  a  crate  of  peaches  of  the  same  variety.  In 
actual  volume  the  crate  contains  only  four-fifths  of  a  bushel,  or  a 
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Figure  20.— Daily  Average  Price  of  Peaches  at  Newyork  from  Georgia 
AND  FROM  New  Jersey  for  New  Jersey  Season,  1924 

New  Jersey  peaches  sold  for  a  lower  average  price  per  crate  than  southern  peaches  on  every  day 
of  the  overlapping  period  of  the  Georgia  and  North  Carolina  shipping  season  with  that  of  New 
Jersey  in  1924. 

little  over  four-fifths,  allowing  for  the  bulge  in  the  case  of  a  full- 
packed  crate.  The  premium  may  be  due  partly  to  the  selection  of 
better-grade  peaches  for  the  6-basket  carrier.  Most  of  the  differ- 
ential seems  to  be  accounted  for  by  the  neater  appearance  of  the 
crate  and  the  fact  that  crated  peaches  generally  reach  the  market  in 
better  condition  than  does  bushel-basket  stock,  as  the  crate  gives 
better  protection  in  handling. 

The  preference  of  the  New  York  market  for  the  crate  seems  to  be 
well  known  in  the  Southern  States  that  ship  peaches  to  that  market, 
for  90  per  cent  or  more  of  the  southern  unloads  consist  of  crated 
peaches.  The  type  of  container  may  be  a  matter  of  little  importance 
to  certain  types  of  retailers,  so  that  the  strength  of  the  preference 
for  the  crate  is  the  more  clearly  brought  out  in  the  fact  that  even  so 
small  a  proportion  of  bushel  baskets  as  10  per  cent  or  less  of  the  total 
unloads  sells  at  a  discount.     In  1925,  for  example,  a  bushel  of  (south- 
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ern  or  Georgia)  Elberta  brought,  on  the  average,  14  cents  less  than 
did  a  crate  of  Elberta  from  the  same  source  sold  on  the  same  day. 

New  Jersey  growers  have  not  adapted  their  methods  to  the  prefer- 
ence for  the  crate  that  is  evidenced  in  the  New  York  prices.  Nearly 
half  of  all  the  New  Jersey  shipment  to  New  York  is  packed  in  bushel 
baskets  and  sells  at  a  substantial  discount.  Figure  21  shows  the 
daily  weighted  average  price  per  crate  of  Elberta  peaches  from  New 
Jersey  and  the  weighted  average  price  per  bushel  of  the  same  variety 
during  September,  1924.  On  the  3d,  10th,  and  11th  the  price  of  a 
bushel  of  Elberta  peaches  was  higher  than  the  price  of  a  crate  of 
Elberta  peaches,  but  they  were  the  only  days  on  which  such  was  the 
case.  On  11  of  the  14  days  considered  the  crated  peaches  brought 
the  premium.  The  average  differential  in  favor  of  the  crate,  including 
all  14  days,  was  30  cents  per  package. 

The  daily  average  price  per  crate  and  per  bushel  of  all  varieties  of 
New  Jersey  peaches  is  shown  in  Figure  22.    At  no  time  in  the  season 
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Figure  21.— Daily  Average   Price   at  New  York  of  Elberta  Peaches 
FROM  New  Jersey  in  1924  • 

A  large  part  of  the  New  Jersey  peach  unloads  in  New  York  is  packed  in  bushel  baskets  and 
sells  at  a  discount  from  the  price  per  crate.  In  1924  the  Elbertas  packed  in  crates  brought  a  higher 
price  than  the  Elbertas  in  bushels  on  nearly  every  day  of  the  New  Jersey  season. 

was  the  average  price  per  bushel  as  high  as  that  per  crate.  In  the 
first  10  market  days,  August  15  to  26,  inclusive,  the  daily  average 
price  per  bushel  was  never  higher  than  $1.25,  while  the  daily  average 
price  per  crate  was  never  lower  than  $1.26,  the  general  average  price 
per  crate  for  the  10  days  being  $1.47.  The  early  part  of  the  New 
Jersey  shipping  season  finds  the  early  New  Jersey  peaches  competing 
with  late  north  Georgia  and  North  Carolina  peaches,  and  these  10 
days  came  in  the  period  when  Georgia  and  North  Carolina  peaches 
were  still  on  the  market.  Poor  sorting  and  pack  of  New  Jersey 
peaches  put  an  added  handicap  on  selling  them  in  this  overlapping 
period  because  of  the  contrast  with  southern  peaches.  These  dis- 
counts are  only  partly  offset  by  the  freight  differential  of  New  Jersey 
growers  over  those  in  southern  shipping  States,  the  rates  per  crate 
being  27  to  30  cents  from  New  Jersey  to  New  York,  68  cents  from 
North  Carolina,  and  70  cents  from  Georgia.    Later  in  the  season  the 
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freight  rate  is  less  significant  in  competition,  but  it  continues  to  be 
important,  together  with  grade  and  pack,  in  meeting  a  possible  decline 
in  demand  after  a  long  season. 

Nearness  to  the  market  brings  the  disadvantage  that  there  can  be 
no  knowledge  of  shipments  en  route  because  of  the  short  time  in 
transit;  and  the  large  and  increasing  use  of  motor  trucks,  because  of 
the  smaller  distances  traversed,  makes  it  difficult  to  get  accurate 
information  on  actual  arrivals  in  New  York.  These  obstacles  con- 
fronting New  Jersey  growers  when  gauging  the  market  make  it  all 
the  more  important  to  ship  high-grade  well-packed  peaches,  which 
have  much  more  chance  of  repaying  all  expenses  under  adverse 
circumstances  than  does  the  inferior  stock. 

In  the  severe  competition  with  the  southern  offerings,  New  Jersey 
growers  who  used  the  bushel  pack  received  the  bottom  prices.  For 
the  season  as  a  whole,  the  average  differential  of  crated  New  Jersey 
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Figure  22.-Daily  Average   Price  at  New  York  of  All  Peaches  from 
New  Jersey  in  1924 

Average  prices  for  crated  and  bushel-basket  stock  from  New  Jersey  show  a  differential  favoring 
the  crate  pack  on  every  day  of  the  season  in  the  New  York  market,  although  the  curves  practi- 
cally touch  at  two  points. 

peaches,  over  bushel-basket  stock  sold  the  same  day,  was  37  cents 
per  package.  The  consensus  of  opinion  in  the  trade  does  not  at- 
tribute the  difference  in  price  to  any  differences  in  the  kind  of  peaches 
selected  for  each  type  of  pack  but  to  the  real  advantages  of  the  crate 
itself.  It  is  easy  to  handle,  is  good  in  appearance,  and  is  built  to 
protect  the  fruit. 

SUMMARY 

Peaches  vary  in  price,  from  day  to  day,  from  week  to  week,  and 
frona  year  to  year,  and  for  different  lots  on  the  same  day. 

Differences  in  supply  form  the  principal  cause  of  differences  in 
price  from  one  time  to  another,  either  from  year  to  year  or  for  shorter 
periods.  Storing  peaches  in  times  of  glut  helps  to  even  out  prices 
but  only  under  certain  conditions  can  be  made  to  pay  the  individual 
who  does  the  storing. 
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Prices  for  different  lots  of  peaches  vary  with  the  variety,  the  size 
of  the  peaches,  the  condition,  the  grade,  and  the  pack.  Variety, 
size,  and  condition  are  particularly  important,  for  at  some  periods 
when  suppUes  are  very  heavy  it  may  not  pay  to  ship  peaches  of 
undesirable  varieties  and  of  small  sizes  or  peaches  that  are  in  poor 
condition.  By  centering  production  on  the  most  desirable  varieties, 
and  by  restricting  shipments  to  the  larger  peaches  in  first-class  con- 
dition, properly  packed,  growers  can  do  much  to  help  maintain  prices 
and  returns  in  years  of  large  crops  and  depressed  prices. 

DETAILED  TABLES 

The  following  detailed  tables  give  all  of  the  data  used  in  this  study, 
including  the  data  brought  together  from  other  published  sources 
and  a  large  body  of  original  data  compiled  in  the  course  of  the  study. 
The  tables  are  arranged  in  two  groups.  Tables  1  to  21  give  the  con- 
densed data  used  in  constructing  the  various  figures  used  in  the  text 
of  the  bulletin;  the  rest  give  the  detail  of  the  data,  published  here  for 
the  first  time. 

The  principal  items  covered  by  the  new  data,  and  the  way  in  which 
they  were  obtained,  are  as  follows: 

(1)  Weekly  average  prices  and  arrivals  of  peaches  from  selected 
States.  Daily  figures  were  compiled  from  the  daily  reports  of  the 
Division  of  Fruits  and  Vegetables,  and  a  weighted  weekly  average 
price  at  New  York  City  was  computed  by  multiplying  the  price  for 
each  day  by  the  receipts  from  Georgia.  The  price  used  was  the  simple 
average  of  mid-points  of  the  price  ranges  quoted  for  the  most  impor- 
tant varieties  and  sizes  for  each  day. 

(2)  Actual  returns  to  growers.  These  were  taken  from  the  books 
of  four  large  commission  firms.  Records  of  over  20,000  individual 
transactions,  including  more  than  3,000  carloads,  or  over  one-third 
of  the  entire  movement  for  the  season,  were  tabulated  for  1924  and 
1925.  From  these  were  computed  the  daily  weighted  average  prices, 
by  size  and  variety,  of  peaches  actually  sold  at  wholesale  by  the 
commission  houses. 

The  figures  on  ''return  to  growers"  are  the  actual  payments  sent 
to  growers  by  the  commission  men,  after  deducting  commission, 
handling  charges  at  New  York,  and  freight  and  refrigeration  from 
shipping  point  to  New  York.  The  return  for  each  selling  lot  was  put 
on  a  per-crate  basis.  The  daily  return  is  a  simple  average  of  the 
returns  per  crate  for  all  individual  lots  sold  by  these  four  dealers 
each  day. 

(3)  Data  on  movements  of  peaches  into  and  out  of  storage  were 
obtained  from  the  New  Jersey  cold-storage  warehouses,  in  which  cars 
are  stored  prior  to  sale,  and  data  on  carry-over  of  peaches  on  track 
were  obtained  from  the  records  of  one  of  the  larger  receivers. 

To  distinguish  between  merely  the  number  of  cars  of  peaches 
reaching  New  York  (arrivals),  the  number  available  for  sale,  and 
the  number  actually  sold  or  moved,  three  separate  series  were  com- 
puted— ''arrivals,"  "supplies,"  and  "unloads." 

"Arrivals"  include  all  cars  reaching  the  yards  from  8  a.  m.  of  the 
day  before  to  8  a.  m.  of  the  day  specified. 
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'^Supplies"  include  arrivals,  minus  cars  placed  in  storage  that  day, 
plus  cars  taken  out  of  storage  the  day  before,  plus  carry-over  on 
car  floats  from  the  preceding  day  at  8  a.  m. 

''Unloads"  include  supply  for  the  da}^  minus  the  cars  remaining 
on  car  floats  at  8  a.  m.  the  next  day. 

As  thus  computed,  ''arrivals"  represent  new  receipts  from  produc- 
ing areas;  "supplies"  represent  total  quantity  available  for  sale  for 
the  day;  and  "unloads"  represent  quantities  removed  from  cars  each 
day,  hence,  presumably  sold. 

None  of  these  figures  include  peaches  moved  by  motor  truck,  which 
make  up  a  large  and  increasing  proportion  of  the  peaches  from  New 
Jersey. 

(4)  The  composition  of  the  supply  by  size  and  variety  was  based 
upon  the  individual-lot  records  taken  from  the  books  of  the  four  large 
receivers.  Each  day's  unloads  were  distributed  in  the  proportions 
shown  by  this  sample. 

Table  1. — Total  -peach  crop  and  average  price  received  by  producers,  1910-1927^ 


Average 

Average 

Average 

Year 

Total 

United 
States 

Year 

Total 

United 

States 

Year 

Total 

United 
States 

price  per 
bushel 

price  per 
bushel 

price  per 
bushel 

MiUion 

MiUion 

MiUion 

bushels 

Dollars 

bushels 

Dollars 

bushels 

Dollars 

1910 

48.17 

1.13 

1916 

37.51 

1.15 

i  1922 

55.85 

1.52 

1911 

34.88 

1.38 

1917 

48.77 

1.48 

1  1923 

45.38 

1.76 

1912 

52. 34 

1.11 

1918 

33.09 

1.77 

1  1924 

-     53.85 

1.54 

1913 

39.71 

1.31 

1919 

53.18 

2.01 

1  1925 

46.56 

1.78 

1914 

54.11 

1.09 

19!^... 

45.62 

2.29 

1926 

69.87 

1.00 

1915 

64.10 

.88 

1921 

32.60 

2.14 

1927 

45.46 

1.18 

»  Data  for  1910-1925  weighted  averages  of  prices  received  by  producers  as  reported  monthly  through  the 
season,  and  the  figures  for  1926  and  1927  are  averages  of  prices  for  the  season,  as  reported  at  the  end  of  the 
season. 


Table  2. — Pea^h  crop  in  Georgia  and  the  Carolinas,  and  average  prices  to  Georgia 

producers,  1910-1927 


Year 

Crop  in 
Georgia, 

North 

Carolina, 

and 

South 
Carolina 

Average 
price  per 
bushel  to 
Georgia 

pro- 
ducers 1 

Year 

Crop  in 
Georgia, 

North 

Carolina, 

and 

South 
Carolina 

Average 
price  per 
bushel  to 
Georgia 

pro- 
ducers! 

Year 

Crop  in 
Georgia, 

North 

Carolina, 

and 

South 
Carolina 

Average 
price  per 
bushel  to 
Georgia 

pro- 
ducers! 

1910.. 

1911 

1912 

1913 

1914 

1915 

Thousand 

bushels 

8,  550 

3,230 

^290 

950 

810 

8,150 

Dollars 
0.91 
L28 

.84 
1.45 
L06 

.97 

1916 

1917 

1918 

1919 

1920 

1921. 

Thousand 
bushels 
4,950 
6,680 
8,240 
6,860 
6,170 
7,760 

Dollars 
1.08 
1.50 
1.48 
L95 
2.10 
L38 

1922 

1923 

1924 

1925 

1926 

1927 

Thousand 
bushels 
6,760 
6,060 
11,640 
9,540 
12,700 
7,860 

Dollars 
1.43 
1.60 
1.16 
1.78 
L04 
L33 

1 1910  to  1924  average  price  to  farmers,  average  of  July  15  and  Aug.  15  reports;  1925  to  1927,  comparable 
prices  estimated  from  weighted  average  price  received  for  crop  at  New  York,  less  cost  of  marketing. 
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Table  3. — Peach  crop  in  Georgia,  North  Carolina,  and  South  Carolina,  and 
average  prices  to  Georgia  producers,  deflated  to  1926  price  level,  1910-1915,  1921- 
1927 


Average 

Average 

Average 

Year 

Crop 

price  per 
bushel 

Year 

Crop 

price  per 
bushel 

Year 

Crop 

price  per 
bushel 

Thousand 

Thousand 

Thousand 

bushels 

Dollars 

bushels 

Dollars 

bushels 

Dollars 

1910 

8,550 

1.33 

1915 

8,150 

1.43 

1924 

11, 640 

1.14 

1911 

3,230 

2.00 

1921 

7,760 

1.44 

1925.. 

9.540 

1.66 

1912 

9,290 

1.23 

1922 

6,760 

1.36 

1926 

12,700 

1.04 

1913 

2,950 

2.13 

1923 

6,060 

1.57 

1927. 

7,860 

1.41 

1914 

8,810 

1.55 

Table  4. — Arrivals  of  peaches  at  New   York,  and  weighted  average  price  at  New 
York  of  peaches  from  Georgia  by  weeks,  June- August,  1923-1927 


Car-lot  arrivals 

Car-lot  arrivals 

Car-lot  arrivals 

Week 
ending 

Aver- 

Week 
ending 

Aver- 

Week 
ending 

Aver- 

age 
price 

South- 
ern 

Total 

age 
price 

South- 
ern 

Total 

age 
price 

South- 
ern 

Total 

1923 

Dollars 

Cars 

Cars 

1924 

Dollars 

Cars 

Cars 

1926 

Dollars 

Cars 

Cars 

June    9 

2.90 

67 

68 

Aug.    2 

1.95 

534 

576 

June  26 

2.66 

229 

229 

16 

1.81 

210 

211 

9 

1.88 

433 

499 

July     3 

2.83 

267 

267 

23 

2.90 

89 

89 

16 

2.52 

360 

473 

10 

1.92 

460 

461 

30 

4.57 

111 

112 

21 

2.56 

102 

235 

17 

1.51 

671 

671 

July     7 

2.52 

306 

306 

24 

L56 

640 

645 

14 

2.15 

323 

323 

1925 

31 

1.76 

516 

536 

21 

2.57 

331 

352 

June    6 

2.94 

172 

172 

Aug.    7 

1.72 

660 

681 

28 

2.00 

354 

446 

13 

3.23 

154 

154 

14 

L35 

751 

773 

Aug.    4 

2.37 

327 

427 

20 

3.92 

200 

200 

20 

1.58 

277 

357 

11 

2.48 

200 

380 

27 

2.80 

402 

402 

18 

2.73 

103 

335 

July    4 

2.89 

434 

434 

1927 

21 

3.10 

23 

93 

11 

2.68 

620 

620 

June  11 

4.00 

20 

20 

18 

2.31 

641 

652 

18 

3.53 

172 

172 

1924 

25 

2.45 

678 

712 

25 

2.11 

444 

444 

June    7 

3.81 

18 

18 

Aug.     1 

2.40 

543 

608 

July     2 

1.67 

619 

619 

14 

2.62 

106 

107 

8 

2.17 

381 

440 

9 

1.99 

829 

829 

21 

1.69 

272 

273 

15 

2.71 

205 

274 

16 

2.31 

648 

648 

28 

2.76 

129 

130 

22 

2.23 

88 

171 

23 

2.54 

538 

547 

July     5 

4.21 

96 

96 

31 

3.12 

331 

347 

12 

2.38 

394 

394 

1926 

Aug.    6 

4.15 

89 

100 

19 

1.63 

823 

827 

June  12 

3.46 

66 

66 

26 

L48 

661 

658 

19 

3.24 

134 

134 
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Table  7. — Daily  arrivals  and  prices  of  Georgia  peaches  at  New  York,  1924  o,nd 

1925 


1924 

1925 

Date 

1924 

1925 

Date 

Arriv- 
als 

Price 
per 
crate 

Arriv- 
als 

Price 
per 
crate 

Arriv- 
als 

Price 
per 
crate 

Arriv- 
als 

Price 
per 
crate 

May  18 

Cars 

Dollars 

Cars 

\ 

9 
2 
2 
8 
40 
13 
32 
16 
33 
38 

Dollars 
5.66 
5.07 
4.74 
4.06 
3.49 
2.97 
2.23 
3.30 
4.56 
2.88 
3.28 
2.92 
2.84 
2.76 
2.93 

July  9 

Cars 
55 
65 
62 
100 

Dollars 
2.11 
1.73 
1.94 
1.49 

Cars 
76 
123 
97 

Dollars 
2.36 

May  19 

July  10 

2  30 

May  20 

July  11 

2.07 

May  22  .  _ 

July  12 

May  23 

.. 

July  13... 

173 
85 
77 
79 
104 
132 

2  08 

May  25 

July  14 

148 
103 
159 
128 
145 
144 

1.42 
1.34 
1.14 
1.20 
1.30 
1.12 

2.17 

May  26.    -  . 

July  15 

2.57 

May  27 

July  16... 

2  77 

May  29 

July  17 

2.74 

June  1.  

July  18 

2.45 

June  2 

2 
2 
4 
2 
6 

"'I'll' 

"l.'ie" 

July  19 

June  3 . 

Julv20 

134 
122 
114 
113 
127 
102 

2.60 

June  4    .  -  . 

July  21 

238 
91 
79 
76 
82 
92 

1.03 
1.21 
1.49 
1.66 
1.71 
1.50 

2.53 

June  5 

July  22 

2  52 

June  6 

July  23 

2.34 

June  7- 

July  24 

2.13 

June  8 

3.5 
27 
26 
7 

26 
33 

3.28 
3.22 
3.94 

4.88 
4.38 
4.02 

July  25 

2  21 

June  9 

9 
8 
14 
8 
20 
49 

""2."  85" 
3.48 

■"3.'69" 
1.92 

July  26 

June  10 

July  27. - 

135 
95 
101 
124 
103 
50 

2.46 

June  11 

July  28.... 

125 
83 
65 
87 
113 
103 

1.65 
1.92 
2.41 
2.15 
1.78 
1.68 

2.61 

June  12 

July  29... 

2.41 

June  13 

July  30 

1.98 

June  14... 

July  31 

1.98 

57 
27 
23 
13 

28 
52 

3.11 
3.45 
3.72 
3.73. 
4.32 
3.61 

Aug.  1 

2.19 

June  16 

11 
34 
36 
43 

48 

1.93 
1.50 
2.24 
1.56 
1.46 
1.74 

Aug.  2 

June  17 

Aug.  3 

113 
64 
79 
68 
76 
40 

2.37 

June  18 

Aug.  4 

132 
81 
86 
90 
76 
67 

1.95 
2.00 
1.92 
1.82 
1.95 
2.42 

2.40 

June  19 

Aug.  5 

2  31 

June  20         .  .  . 

Aug.  6 

2.36 

June  21 

Aug.  7 

2.34 

June  22.. 

88 
71 
49 
57 
64 
74 

2.97 
2.40 
3.66 
2.30 
2.43 
2.21 

Aug.  8 

2.  56 

June  23 

53 
25 
24 
2 
13 
13 

1.89 
2.36 
2.84 
2.48 
3.81 
2.98 

Aug.  9 

June  24.. 

Aug.  10 

67 
42 
48 
51 
43 
23 

2.89 

June  25  .  ...  ... 

Aug.  11.. 

132 
69 
54 
75 
95 
50 

2.38 
2.64 
2.82 
2.56 
2.33 
2.33 

3.16 

June  26 

Aug.  12 

2.67 

June  27 

Aug.  13 

2.28 

June  28         .    .. 

Aug.  14. 

2.10 

June  29 

102 

69 

78 

76 

•      110 

2.05 
2.18 
2.39 
2.50 
2.08 

Aug.  15 

2.64 

June  30.. 

21 
14 
18 
9 
36 

4.52 
3.62 
4.01 
4.71 
3.56 

Aug.  16 

July  1 

Aug.  17      .      . 

54 
37 
32 
25 
17 
6 

2.28 

July  2.. 

Aug.  18 

80 
60 
41 
54 
61 

2.76 
3.15 
3.31 
2.76 
2.67 

2.23 

Julys 

Aug.  19 

2.28 

July  5 

Aug.  20.. 

Aug.  21.. 

1.94 

July  6 

128 
72 
123 

2.34 
2.51 
2.10 

1.98 

July  7           .    . 

58 
67 

2.81 
2.04 

Aug.  22 

2.16 

Julys 

Table  8. — Daily  prices  of  Alberta  peaches,  2  by  2  by  6  size  and  unloads  at  New 
York  adjusted  for  daily  variation  in  supply,  ^^^^  ^ 


Cor- 

Aver- 

Cor- 

Aver- 

Cor- 

Aver- 

Date 

Un- 
loads 

rected 
un- 

price 

Date 

tJn- 
loads 

rected 
un- 

age 
price 

Date 

Un- 
loads 

rected 
un- 

price 

loads 

per 
crate 

loads 

per 
crate 

loads 

per 
crate 

Cars 

Cars 

Dollars 

Cars 

Cars 

Dollars 

Cars 

Cars 

Dollars 

July  19 

136 

155 

1.10 

July  31 

82 

86 

2.12 

Aug.  12 

63 

69 

2.54 

21 

248 

171 

1.09 

Aug.    1 

113 

112 

1.74 

13 

49 

60 

2.94 

22 

103 

113 

1.22 

2 

71 

82 

L67 

14 

59 

62 

2.31 

23 

76 

94 

1.54 

4 

109 

76 

1.90 

15 

74 

73 

2.36 

24 

85 

89 

1.65 

5 

80 

88 

1  97 

16 

33 

38 

2.35 

25 

82 

81 

1.67 

6 

84 

104 

1.89 

18 

48 

33 

2.77 

26 

86 

99 

1.55 

7 

79 

83 

1.70 

19 

22 

24 

3.03 

28 

91 

63 

1.61 

8 

79 

78 

1.89 

20 

16 

20 

3.17 

29 

59 

65 

1.88 

9 

50 

57 

2.35 

21 

30 

32 

2.65 

30 

48 

59 

2.33 

11 

121 

83 

2.13 

22 

39 

39 

2.70 

'  The  supplies  are  adjusted  by  dividing  by  the  average  daily  variation. 
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Table  9. — Daily  unloads  of  peaches  and  estimated  gross  sales  value  at  New  York, 
both  corrected  for  daily  variation  in  supply  July  19  to  August  22,  1924 


Weight- 

Weight- 

Weight- 

ed av- 

ed av- 

ed av- 

Cor- 

erage 

Cor- 

erage 

Cor- 

erage 

Date 

rected 
un- 

price 
per 

Total 
sales 

Date 

rected 
un- 

price 
per 

Total 
sales 

Date 

rected;   price 
un-    1     per 

Total 
sales 

loads 

crate 

of  all 

peaches 

loads 

crate 

of  all 

peaches 

loads 

crate 

of  all 

peaches 

Cars 

Dollars 

Dollars 

Cars 

Dollars 

Dollars 

Cars 

Dollars 

Dollars 

July  19 

155 

1.12 

81,  592 

July  31 

86 

2.15 

86,903 

Aug.  12 

69 

2.64 

85,  615 

21 

171 

1.03 

82,  781 

Aug.    1 

112 

1.78 

93,699 

13 

60 

2.82 

79,  524 

22 

113 

1.21 

64,263 

2 

82 

1.68 

64,747 

14 

62 

2.56 

74,  598 

23 

94 

1.49 

65,828 

4 

75 

1.95 

68,738 

15 

73 

2.33 

79,942 

24 

89 

1.66 

69, 438 

5 

88 

2.00 

82,720 

16 

38 

2.33 

41,  614 

25 

81 

1.71 

65,100 

6 

104 

1.92 

93,850 

18' 

33 

2.76 

42,808 

26 

99 

1.50 

69,  795 

7 

83 

1.82 

70,998 

19 

24 

3.15 

35,  532 

28 

63 

1.65 

48,  856 

8 

78 

1.95 

71, 487 

20 

20 

3.31 

31, 114 

29 

65 

1.92 

58,656 

9 

57 

2.42 

64,832 

21 

32 

2.76 

41,  510 

30 

59 

2.41 

66,829 

11 

83 

2.38 

92,844 

22 

39  1       2.67 

1 

48,941 

In  computing  the  cost  line  in  Figure  10  the  following  expense  items  were  used:  7J^  per  cent  of  gross  sales 
plus  picking,  packing,  cost  of  container,  delivery  to  shipping  point,  53  cents  per  crate;  freight,  70  cents; 
sorting,  one-half  cent. 

Table  10. — Daily  weighted  average  price  per  crate  of  Belle  and  Elberta  peaches 
at  New  York,  August  30  to  September  12,  1924 


Date 

Average  price  per 
crate  of— 

Date 

Average  price  per 
crate  of— 

Date 

Average  price  per 
crate  of— 

Belle 

Elberta 

Belle 

Elberta 

BeUe 

Elberta 

Aug.  30 

Sept.  2 

Sept.  3 

Sept.  4 

Dollars 
1.31 
1.44 
1.19 
1.20 

Dollars 
1.90 
2.68 
1.86 
2.38 

Sept.  5 

Sept.  6 

Sept.  8 

Sept.  9 

DoUars 
L40 
1.09 
L50 
L30 

DoUars 
1.89 
1.66 
L83 
2.08 

Sept.  10 

Sept.  11 

S«pt.  12 

Dollars 

.    .98 
1.74 
1.69 

Dollars 
1.70 
L36 
1.90 

Table  11. — Daily  average  prices  of  peaches  from  Georgia,  by  varieties,  at  New  York, 
June  18  to  August  22,  1924^ 


Average  price  per  crate  of— 

Date 

Average  price  per  crate  of— 

Date 

Early 
Rose 

Unee- 
da 

Car- 
man 

Hiley 

Belle 

El- 
berta 

Early 
Rose 

Unee- 
da 

Car- 
man 

Hiley 

Belle 

El- 
berta 

June  18 

Dolh. 
2.25 
L.'iO 

Dolls. 
L87 

DoUs. 

Dolls. 

DolU. 

DolU. 

July  23 

DolU. 

DolU. 

DolU. 

DolU. 
1.17 
L33 
L50 
.80 
L50 

DolU. 
1.25 
L15 
L27 
L25 

i.'so' 

'L56" 
L50 
L67 

DolU. 
1  26 

June  19 

July  24 

1.56 

June  20         1  1.96 

L42 
L41 
1.57 
2.22 
2.00 

July  25 

1  50 

June  21 

2.18 
L87 

July  26 

L49 

June  23 

July  28 

1  47 

June  24 

July  29 

1  80 

June  25 

2.52 
3.00 
3.37 
3.45 
3.50 
4.07 
3.00 
L97 
2.22 
2.08 
1.72 

July  30 

L75 
2.00 

2.09 

June  26  .-- 

July  31 

1.94 

June  27 

3.23 

Aug.  1 

L40 

June  28    . 

Aug.  2 

1.66 

June  30  .... 

Aug.  4 

L64 

July  3 

Aug.  5 

1.50 

L73 

Julys 

3.60 
2.62 
L81 
L72 
L24 
L30 
L14 
1.01 
L03 
1.21 
.63 

Aug.  6 

L67 

July  7 

3.03 
2.15 
2.21 
1.98 
2.18 
1.73 
L42 
1.31 

.96 
L07 
L29 
L08 

.84 
L07 

Aug.  7 

L55 
L53 
2.50 
L94 
2.12 
2.26 
2.16 
L89 
L95 
2.02 
2.00 
2.25 

L70 

July  8 

Aug.  8 

L70 

July9 

Aug.  9 

2.01 

July  10 

Aug.  11 

L97 

July  11 

Aug.  12 

2  26 

July  12 

L27 
1.28 
1.24 
1.25 
LOO 

.98 
LOO 

.87 
L08 

"l25 

"l66 

.96 
.83 
LOO 

Aug.  13 

2.38 

July  14 

Aug.  14 

2.26 

July  15 

Aug.  15 

2  05 

July  16 

Aug.  16 

1.97 

July  17          1 

Aug.  18 

2.22 

July  18 1 

Aug.  19 

2.63 

July  19 1 

.77 

Aug.  20 

2.75 

July  21          I 

Aug.  21 

2  50 

July  22 

Aug.  22 

2.14 

1  75 

1 

1 2  by  3  by  6  peaches. 
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Table  12. — Daily  unloads  and  weighted  average  prices  of  Belle  and  Elberta  peaches, 
at  New  York,  July  17  to  August  8,  1925 


Unloads 

Un- 
loads 

of 
Belle 
asa 
per- 
cent- 
age of 
Elber- 
ta 

Average 

price  per 

crate 

Date 

Unloads 

Un- 
loads 

of 
Belle 

as  a 

per- 
cent- 
age of 
Elber- 
ta 

Average 

price  per 

crate 

Date 

Belle 

El- 
berta 

Total 

Belle 

Elber- 
ta 

Belle 

El- 
berta 

Total 

Belle 

El- 
berta 

July  17---. 
July  18.--. 

July  20 

July  21---. 
July  22---. 

July  23 

July  24 

July  25--. - 
July  27.- - 
July  28---- 

Cars 
10.5 

6.6 
11.9 

4.3 
17.8 

7.5 
22.5 
14.0 
33.4 
15.0 

Cars 
69.3 

72.5 
86.6 
70.5 
78.9 
73.2 
70.6 
89.9 
93.5 
64.5 

Cars 

79.8 
79.1 
98.5 
74.8 
96.7 
80.7 
93.1 
103.9 
126.9 
79.5 

P.ct. 

15.2 
9.1 
13.7 
6.1 
22.6 
10.2 
31.9 
15.6 
35.7 
23.3 

Dolls. 
2.68 
2.52 
2.70 
3.37 
2.78 
2.37 
2.19 
2.31 
2.44 
2.51 

Dolls. 
2.73 
2.47 
2.25 
2.62 
2.45 
2.41 
2.19 
2.13 
2.51 
2.60 

July  29.... 
July  30-.-. 
July  31.... 

Aug.  1 

Aug.  3 

Aug.  4 

Aug.  5 

Aug.  6 

Aug.  7 

Aug.  8 

Cars 

14.3 

36.0 

18.7 

4.9 

4.3 

1.9 

2.7 

3.9 

5.8 

7.6 

Cars 
74.2 
76.1 
48.9 
30.1 
81.4 
49.0 
40.0 
90.2 
63.0 
30.6 

Cars 
88.5 
112.1 
67.6 
35.0 
85.7 
50.9 
42.7 
94.1 
68.8 
38.2 

P.ct. 

19.3 

47.3 

38.2 

16.3 

5.3 

3.9 

6.8 

4.3 

9.2 

24.8 

Dolls. 
2.28 
1.55 
1.31 
1.83 
2.10 
3.48 
2.42 
2.71 
1.97 
2.48 

Dolls. 
2.42 
2.20 
2.14 
2.24 
2.36 
2.39 
2.11 
2.26 
2.28 
2.52 

Table  13. — Daily  average  price  of  Elberta  peaches  from  Georgia,  at  New  York,  for 
large  and  medium  sizes,  July  19  to  August  8,  1924 


Date 

Average   price   per 
crate   of   Elberta 
peaches 

Date 

Average   price   per 
crate   of   Elberta 
peaches 

Date 

Average   price   per 
crate   of   Elberta 
peaches 

2  by  1  by 
6 

2  by  2  by 
6 

2  by  1  by 
6 

2  by  2  by 
6 

2  by  1  by 
6 

2  by  2  by 
6 

July  19 

July  21 

July  22 

July  23 

July  24 

July  25 

July  26 

July  28 

July  29 

July  30 

Dollars 
1.17 
1.31 
1.71 
L91 
1.86 
L75 
1.59 
1.77 
2.05 
2.55 

Dollars 
LIO 
1.09 
1.22 
1.54 
1.65 
1.67 
1.55 
1.61 
1.88 
2.33 

July  31 

Aug.  1 

Aug.  2 

Aug.  4 

Aug.  5 

Aug.  6 

Aug.  7 

Aug.  8 

Aug.  9 

Aug.  11 

Dollars 
2.31 
L99 
1.79 
2.20 
2.29 
2.10 
2.16 
2.16 
2.45 
2.83 

Dollars 
2.12 
L74 
1.67 
L90 
1.97 
1.89 
L70 
1.89 
2.35 
2.13 

Aug.  12 

Aug.  13 

Aug.  14 

Aug.  15 

Aug.  16 

Aug.  18 

Aug.  19 

Aug.  20 

Aug.  21 

Aug.  22 

Dollars 
2.81 
3.06 
2.77 
2.53 
2.68 
2.98 
3.19 
3.19 
2.78 
2.93 

Dollars 
2.54 
2.94 
2.31 
2.36 
2.35 
2.77 
3.03 
3.17 
2.65 
2.70 

Table  14. —  Unloads  of  southern  peaches  at  New  York,  by  size,  1924  ^ 


Size  of  peaches 

Date 

Size  of  peaches 

Date 

Size  of  peaches 

Date 

Small 

Medi- 
um 

Large 

Small 

Medi- 
upa 

Large 

Small 

Medi- 
um 

Large 

Cars 

Cars 

Cars 

Cars 

Cars 

Cars 

Cars 

Cars 

Cars 

July  19.-- 

52.3 

73.6 

9.1 

July  31— . 

7.0 

45.4 

29.6 

Aug.  12--. 

18.3 

15.9 

28.8 

July  21— 

67.4 

158.0 

22.6 

Aug.  1--.. 

8.7 

72.6 

31.7 

Aug.  13... 

14.7 

12.2 

22.1 

July  22— 

23.7 

68.8 

10.5 

Aug.  2.--. 

14.4 

43.6 

13.0 

Aug.  14--. 

12.0 

19.4 

27.6 

July  23— 

15.3 

5L2 

9.5 

Aug.  4 

12.4 

73.0 

23.6 

Aug.  15... 

25.3 

21.7 

27.0 

July  24— 

8.0 

6L9 

25.1 

Aug.  5-.-. 

11.0 

51.8 

17.2 

Aug.  16.-- 

10.5 

13.7 

8.8 

July  25— . 

6.1 

62.2 

14.7 

Aug.  6 

5.5 

50.1 

28.4 

Aug.  18... 

10.0 

14.8 

23.2 

July  26— 

9.6 

55.4 

21.0 

Aug.  7.--. 

11.1 

37.4 

30.5 

Aug.  19... 

1.2 

6.7 

14.1 

July  28— 

3.1 

61.6 

26.3 

Aug.  8.... 

11.4 

34.9 

32.7 

Aug.  20... 

1.5 

3.4 

11.1 

July  29— 

2.4 

42.5 

14.1 

Aug.  9..._ 

2.6 

24.3 

23.1 

Aug.  21... 

1.1 

8.1 

20.6 

July  30— . 

3.6 

34.7 

9.7 

Aug.  11... 

25.9 

44.0         51.1 

Aug.  22... 

6.7 

8.2 

24.1 

1  Southern  peaches  include  peaches  from  Georgia,  North  Carolina,  South  Carolina.  Virginia,  Maryland, 
and  Delaware. 
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Table  15. — Daily  unloads  of  southern  peaches  at  New  York,  proportion  of  each  size, 

19U 


Date 


July  19... 
July  21... 
July  22- . 
July  23... 
July  24... 
July  25... 
July  26... 
July  28... 
July  29... 
July  30... 


Proportion  of 

Smnll 

Medi- 
um 

Large 

Perct. 

Perct. 

Per  a. 

38.7 

54.5 

6.8 

27.2 

63.7 

9.1 

23.0 

66.8 

10.2 

20.1 

67.4 

12.5 

9.4 

61.1 

29.5 

6.2 

75.9 

17.9 

11.2 

64.4 

24.4 

3.4 

67.7 

28.9 

4.1 

72.0 

23.9 

7.5 

72.3 

20.2 

Pr 

oportion  of—      j 

Date 

Small 

Medi- 
um 

Large   ; 

1 

Perct. 

Perct. 

Perct. 

July  31-.. 

8.5 

65.4 

36.1    i 

Aug.  1 

7.7 

64.2 

28.1    ■ 

Aug.  2 

20.3 

61.4 

18.3 

Aug.  4 

11.4 

67.0 

21.6 

Aug.  5 

13.8 

64.7 

21.5    1 

Aug.  6 

6.6 

59.6 

33.8 

Aug.  7 

14.1 

47.3 

38.6 

Aug.  8.... 

14.4 

44.2 

41.4 

Aug.  9 

5.2 

48.6 

46.2    ! 

Aug.  11... 

21.4 

36.4 

42.2    1 

i 

Date 


Aug.  12... 
Aug.  13... 
Aug.  14.-- 
Aug.  15... 
Aug.  16... 
Aug.  18--- 
Aug.  19.-- 
Aug.  20--- 
Aug.  21... 
Aug.  22--- 


Proportion  of- 


Small 


Perct. 

29.1 

30.0 

20.3 

34.2 

31.8 

20.8 

5.4 

9.4 

3.7 

17.2 


Medi- 
um 


Perct. 
25.2 
24.9 
32.9 
29.3 
41.5 
30.8 
30.5 
21.2 
27.2 
21.0 


Large 


Per  ct. 
45.7 
45.1 
46.8 
36.5 
26.7 
48.4 
64.1 
69.4 
69.1 
61.8 


Table  16. — Average  returns  to  growers  above  freight  and  commission,  from  Elberta 
peaches  on  days  of  varying  supplies,  for  different  sizes,  192% 


Supply  ad- 
justed for 

daily 
variation 

(carloads)' 

Average  price  per 
crate  of 

Supply  ad- 
justed for 

daily 
variation 

(carloads) ' 

Average  price  per 
crate  of 

Supply  ad- 
justed for 

daily 
variation 

(carloads) ' 

Average  price  per 
crate  of 

2byl 
by  6 
size 

2  by  2 
by  6 
size 

2  by  3 
by  6 
size 

2byl 
by  6 
size 

2  by  2 
by  6 
size 

2  by  3 
by  6 
size 

2byl 
bye 
size 

•?by2 
by  6 
size 

2  by  3 
bye 
size 

40 

Dolis. 
2.30 
2.15 
1.78 
1.56 
1.38 

Do\h. 
2.08 
L76 
L50 
1.30 
L12 

DoUs. 
1.60 
1.40 
L20 
1.02 
.84 

90 

DoUs. 
1.24 
1.20 
.98 

.88 
.78 

DoUs. 
.97 
.85 
.74 
.66 
.55 

Dolls. 

.68 
.54 
.40 
.30 
.18 

140 

Dolls. 

Do'is. 
.«6 
.38 
.30 
.24 
.20 

DoUs. 

50 

100 

110- - 

120... 

130 

150.. 

160 

....... 

60-. 

70 

170 

80 

180 

Supply  corrected  for  daily  variation  in  demand. 


Table  17. 


-Daily  average  price  of  Fancy  and  Extra  Fancy  Elberta  peaches  from 
New  Jersey  at  New  York,  1924 


Date 

Average  price  per 
crate 

Date 

Average  price  per 
crate 

Date 

Average  price  per 
crate 

Fancy 

Extra 
fancy 

Fancy 

Extra 
fancy 

^-cy  fri 

Aug.  3 

Aug.  4 

Aug.  5 

DoUars 

2.26 
1.80 
2.14 

DoUars 
2.04 
2.44 
1.92 

Aug.  6. 

Aug.  9 

Aug.  10 

DoUars 
1.59 
2.08 
L48 

DoUars 
L94 
2.04 
L92 

Aug.  11 

Aug.  12 

Aug.  13 

DoUars 
L02 
2.16 
L68 

DoUars 
1.91 
1.74 
2.25 
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Table  18. — Daily  arrivals  and  prices  of  peaches  at_New  York  during  New  Jersey 

season,  1924  o,f^d 


1924 

1925 

Date 

1924 

1925 

Date 

Daily 
arrivals 

Aver- 

price 
per 
crate 

Daily 
arrivals 

Aver- 

price 
per 
crate 

Aver- 
DaDy 

arrivals 

Aver- 

price 
per 
crate 

Aver- 
Daily 

arrivals 

Aver- 
age 

price 
per 

crate 

July  10 

Cars 

Dollars 

Cars 
123 
97 
173 
85 
77 
79 
104 
132 
134 
122 
114 
113 
127 
102 

Dollars 
(0 

'""i.'eo 

1.27 
1.46 
1.43 
1.44 
1.59 
1.69 
1.11 
1.70 
1.45 
1.40 

Aug.  25 

Cars 
56 
37 
20 
41 
81 

Dollars 
1.59 
1.26 
1.65 
1.71 
1.76 

Cars 
21 
22 
15 
13 
9 
21 
8 
3 
7 
6 
6 

Dollars 
3.49 

July  11 

Aug.  26 

3.07 

July  13 

Aug.  27 

2.58 

July  14 

Aug.  28 

3.07 

July  15 

Aug.  29 

2.15 

July  16 

Aug.  31 

July  17 

Sept.  1 

July  18 

Sept.  2 

114 
57 
58 

50 
44 
39 
35 
24 
21 

1.56 
1.47 
1.85 
1.65 
1.61 
1.65 
1.91 
1.70 
1.77 
1.95 
1.73 

3.00 

July  20 

Sept.  3 

July  21 

Sept.  4 

July  22 

Sept.  5 

2.64 

July  23 

Sept.  6 

July  24 





Sept.  8 -  . 

12 
4 
8 
4 
6 

July  25 

82 
92 

(0 

Sept.  9 

1.73 

July  26 

Sept.  10 

July  27             .  - 

135 
95 
101 
124 
103 
50 

1.46 
1.45 
1.29 
1.17 
.97 
.99 

Sept.  11 

2.91 

July  28 

125 
83 
65 
87 

113 

las 

'"i.'i9' 

1.40 
1.53 
1.29 
1.11 

Sept.  12 

July  29 

Sept.  13 

July  30 

Sept.  14 

14 
8 
2 
11 
16 
5 

1.46 

July  31 

Sept.  15 

13 
23 
9 
9 
9 
2 

2.32 
1.94 
1.77 
1.43 

""i.'75' 

Aug.  1 

Sept.  16 

Aug  2 

Sept.  17 

Aug.  3        

113 
64 
79 
68 
76 
40 

1.10 
1.25 
1.12 
.84 
1.11 
1.27 

Sept.  18 

Aug.  4 

i32 
81 
86 
90 
76 
67 

i.3i 

1.29 
1.16 
1.22 

■"'i.'43' 

Sept.  19 

Aug  5 

Sept.  20 

Aug.  6 

Sept.  21 

42 
45 
21 
32 
14 
5 

Aug  7 

Sept.  22 

11 
9 
9 
15 
19 
7 
9 
12 
14 
14 
23 
29 
22 
33 
2 
10 
11 
6 

"'2.'08' 
1.84 

Aug.  8        

Sept.  23 

Aug.  9 

Sept.  24 

Aug  10 

67 
42 
48 
51 
43 
23 

1.91 
1.71 
1.78 
1.97 
1.86 
1.90 

Sept.  25... 

Aug.  11 

132 
69 
54 
75 
95 
50 

1.47 

1.62 
1.43 
1.44 

Sept.  26 

Aug  12 

Sept.  27 

Aug   13 

Sept.  29  .  -  . 

Aug.  14 

Sept.  30 

Aug  15 

Oct.  1 

Aug.  16 

Oct.  2 

Aug  17 

54 
37 
32 
25 
17 
6 

2.35 
2.67 
2.32 
2.38 
2.66 
3.45 

Oct.  3 

Aug   18 

80 
60 
41 
54 
61 
43 

1.43 
1.56 
1.68 
1.44 
1.52 
1.36 

Oct.  4 

Aug.  19 

Oct.  6 

Aug  20 

Oct.  7 

Aug.  21 

Oct.  8 

Aug  22 

Oct.  9 

Aug  23 

Oct.  10--- 

Aug.  24 

19 

3.31 

Oct.  11 

'  Daily  average  prices  are  available  only  for  those  days  on  which  a  sufllcient  volume  of  sales  to  give  a 
reliable  average  was  shown  on  the  books  of  the  dealers  examined. 

Table  19. — Daily  weighted  average  price  at  New  York  of  peaches  from  Georgia  and 
from  New  Jersey,  July  28- September  10,  1924 


Date 


July  28. 
July  29. 
July  30. 
July  31. 
Aug.  1. 
Aug.  2. 
Aug.  4. 
Aug.  5- 
Aug.  6. 
Aug.  7. 
Aug.  8. 
Aug.  9. 
Aug.  11 


Weighted  average 
price  per  crate  of  all- 


Georgia 
peaches 


Dollars 
1.65 
1.92 
2.41 
2.15 
1.78 
1.68 
1.95 
2.00 
1.92 
1.82 
1.95 
2.42 
2.38 


New 
Jersey 
peaches 


Dollars 


1.19 
1.40 
1.53 
1.29 
1.11 
1.31 
1.29 
1.16 
1.22 


1.43 
1.47 


Date 


Aug.  12. 
Aug.  13- 
Aug.  14- 
Aug.  15. 
Aug.  16. 
Aug.  18. 
Aug.  19- 
Aug.  20. 
Aug.  21. 
Aug.  22. 
Aug.  23. 
Aug.  25. 
Aug.  26- 


Weighted  average 
price  per  crate  of  all- 


Georgia 


Dollars 
2.64 
2.82 
2.56 
2.33 
2.33 
2.76 
3.15 
3.31 
2.76 
2.67 


New 
Jersey 


Dollars 


1.66 
1.62 
1.43 
1.44 
1.43 
1.56 
1.68 
1.44 
1.52 
1.36 
1.59 
1.26 


Date 


Aug.  27.. 
Aug.  28.. 
Aug.  29.. 
Sept.  2. . 
Sept.  3-. 
Sept.  4.. 
Sept.  5.. 
Sept.  6.. 
Sept.  8.. 
Sept.  9-. 
Sept.  10. 


Weighted  average 
price  per  crate  of  all- 


Georgia 


Dollars 


New 
Jersey 
peaches 


Dollars 
1.65 
1.71 
1.76 
L56 
1.47 
L85 
1.65 
1.61 
L66 
1.91 
1.70 
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Table  20. — Daily  weighted  average  price  at  New  York  of  Elberta  peaches  from  New 
Jersey,  by  type  of  container,  1924 


Date 

Weighted  average 
price 

Date 

Weighted  average 
price 

Date 

Weighted  average 
price 

Per 
crate 

Per 

bushel 

Per 

crate 

Per 

bushel 

Pw 
crate 

Per 
bushel 

Sept.  2 

Sept.  3 

Sept.  4 

Sept.  5 

Sept.  6 

Dollars 
2.68 
1.86 
2.38 
1.89 
1.66 

Dollars 
1.60 
1.99 
1.88 
1.67 
1.52 

Sept.  8 

Sept.  9 

Sept.  10 

Sept.  11 

Sept.  12 

Dollars 
1.83 
2.08 
1.70 
1.36 
1.90 

Dollars 
.95 
1.77 
2.00 
1.65 
1.64 

Sept.  13 

Sept.  15 

Sept.  16 

Sept.  17 

Dollars 

1.74 
2.75 
2.16 
2.29 

Dollars 
1.67 
1.83 
1.90 
1.96 

Table  21. — Daily  weighted  average  price  at  New' York  of  all  peaches  from  New 
Jersey,  by  type  of  container,  1924 


Date 

Weighted  average 
price 

Date 

Weighted  average 
price 

Date 

Weighted  average 
price 

Per 
crate 

Per 
bushel 

Per 
crate 

Per 
bushel 

Per 
crate 

Per 
bushel 

Aug.  15 

Aug.  16 

Aug.  18 

Aug.  19 

Aug.  20 

Aug.  21 

Aug.  22 

Aug.  23 

Aug.  25 

Dollars 
1.43 
1.44 
1.43 
1.56 
1.68 
1.44 
1.52 
1.36 
L59 

Dollars 
1.23 

.94 
1.10 
1.09 
1.25 
1.15 
1.17 
1.15 

.98 

Aug.  26 

Aug.  27 

Aug.  28 

Aug.  29 

Aug.  30 

Sept.  2 

Sept.  3 

Sept.  4 

Sept.  5 

Dollars 

1.26 
1.65 
1.71 
1.76 
L30 
1.56 
L47 
1.85 
1.65 

Dollars 

.86 
1.61 
L16 

.54 
L09 
1.39 
L15 
1.55 
1.47 

Sept.  6 

Sept.  8 

Sept.  9 

Sept.  10 

Sept.  11-... 

Sept.  12 

Sept.  13.... 
Sept.  15 

Dollars 
1.61 
1.65 
1.91 
L70 
1.77 
1.95 
1.73 
2.32 

Dollars 
1.10 
L06 
L53 
L69 
L68 
L60 
L59 
L76 

Table  22. — Daily  arrivals  of  peaches  at  New  York  by  State  of  origin,  1924  «^c?  i925 


•   State  of  origin 

Date 

Georgia 

North 
Carolina 

South 
C  arolina 

Dela- 
ware 

Virginia 

Cali- 
fornia 

New 
Jersey 

New 
York 

Total  J 

1924 
June  2 

Cars 

2 

2 

4 

2 

6 

4 

9 

8 

13 

8 

17 

48 

70 

41 

33 

33 

38 

46 

50 

Cars 

Cars 

Cars 

Cars 

Cars 

Cars 

Cars 

Cars 
2 

June  3. 

2 

June  4 

4 

June  5. 

2 

June  6 

6 

June  7- 

4 

June  9 

9 

June  10 

8 

June  11 

i 

14 

June  12 

8 

June  13 

2 

1 
2 

1 

1 

20 

June  14 

49 

June  16 

72 

June  17 

42 

June  18 

1 

34 

June  19 

3 

1 
1 

36 

June  20 

1 
1 
2 

1 

3 

43 

June  21 

48 

June  23 

1 

53 

June  24 

24 

24 

25 

June  25 

24 

June  26 

2 
12 
13 
21 

9 

2 

June  27 

1 

13 

June  28 



13 

June  30 

21 

July  1 

3 

2 

14 

•  The  daily  totals  include  all  car-lot  arrivals. 
New  York  were  not  listed  separately. 


Arrivals  from  States  shipping  only  a  few  cars  a  year  to 


40         TECHNICAL  BULLETIN  115,  U.  S.  DEPT.  OF  AGRICULTURE 

Table  22. — Daily  arrivals  oj  peaches  at  New  York  by  State  of  origin,  1924  cind 

1925 — Continued 


Date 


July  2. 
Julys... 
July  5... 
July?... 
Julys... 
July  9... 
July  10.. 
July  11-. 
July  12.. 
July  14.. 
July  15. . 
July  16-- 
July  17.. 
July  18. - 
July  19-. 
July  21.. 
July  22-. 
July  23.. 
July  24- - 
July  25.. 
July  26-. 
July  28.. 
July  29.. 
July  30.. 
July  31.. 
Aug.  1-. 
Aug.  2... 
Aug.  4... 
Aug.  5... 
Aug.  6... 
Aug.  7... 
Aug.  8... 
Aug.  9... 
Aug.  11.. 
Aug.  12.. 
Aug.  13.. 
Aug.  14.. 
Aug.  16-. 
Aug.  16.. 
Aug.  18.. 
Aug.  19.. 
Aug.  20- 
Aug.  21-. 
Aug.  22.. 
Aug.  23.. 
Aug.  25.. 
Aug.  26.. 
Aug.  27-. 
Aug.  28.. 
Aug.  29.. 
Sept.  2... 
Sept.  3... 
Sept.  4-. 
Sept.  5-. 
Sept.  6-. 
Sept.  8- 
Sept.  9- 
Sept.  10- 
Sept.  11. 
Sept.  12. 
Sept.  13. 
Sept.  15- 
Sept.  16- 
Sept.  17. 
Sept.  18- 
Sept.  19. 
Sept.  20. 
Sept.  22. 
Sept.  23_ 
Sept.  24 _ 
Sept.  25. 
Sept.  26_ 
Sept.  27. 
Sept.  29- 
Sept.  30. 
Oct.  1— 


1924 


State  of  origin 


Georgia 


North 
Carolina 


Cars 
16 


61 

64 

65 

62 

57 

98 

145 

101 

157 

119 

143 

136 

222 

80 

78 

74 

78 

90 

112 

77 

57 

57 

79 

77 

102 

63 

48 

48 

39 

.17 

52 

38 

24 

23 

43 

20 

27 

4 

2 

7 

3 

1 

1 

1 

1 


South 
Carolina 


Cars 


Cars 


Dela- 
ware 


Cars 


Virginia 


Cars 


Cali- 
fornia 


Cars 


New 
Jersey 


Cars 


New 
York 


Cars 
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Table  22. — Daily  arrivals  of  peaches  at  New   York  by  State  of  origin,  1924  o,nd 

i  5^5— Continued 


State  of  origin 

Date 

r,^ .    1  North 

Georgia  j Carolina 

South 
Carolina 

Dela- 
ware 

Virginia 

Cali- 
fornia 

New 
Jersey 

New 
York 

Total 

1924 
Oct  2 

Cars 

Cars 

Cars 

Cars 

Cars 

Cars 
3 
3 

Cars 
4 
3 
3 

Cars 

7 

17 

26 

20 

31 

2 

6 

4 

5 

14 

Cars 
14 

Oct  3 

23 

Oct.  4                    

29 

Oct  6 

1 

2 
2 

22 

Oct  7 

33 

Oct  8 

2 

Oct  9 

1 

4 

7 

10 

Oct  10                  

11 

Oct   11 

1 

1 
1 

1 

6 

Oct.  14              

15 

Oct  15 

1 

2 

3 

Oct.  16           

6 
3 
6 
3 
2 

6 

Oct.  17 

3 

Oct.  20 

6 

Oct.  21                  

3 

Oct  24 

2 

1925 
May  18         

1 

2 

2 

6 

6 

9 

2 

2 

7 

39 

13 

30 

16 

33 

38 

35 

27 

25 

7 

24 

33 

54 

27 

22 

9 

24 

46 

81 

64 

46 

51 

61 

73 

99 

69 

78 

75 

105 

119 

70 

116 

72 

112 

96 

163 

81 

70 

74 

98 

125 

123 

114 

106 

96 

106 

80 

107 

^ 

1 

May  19 

2 

May  20 

2 

May  22 

6 

May  23... 

» 

6 

May  25 

9 

May  26 

May  27              ..     .. 

2 

May  29 

1 
1 

8 

June  1          

40 

June  2 

13 

June  3    

2 

32 

June  4 

16 

June  5 

33 

June  6 

38 

Junes 

35 

June  9 

27 

June  10 

1 

26 

June  11 

June  12 

1 

1 

26 

June  13 

33 

June  16 

1 

2 

57 

June  16 

27 

June  17 

1 

23 

June  18 

4 
3 
6 
7 
7 
3 
5 
3 
1 
2 

13 

June  19 

1 

28 

June  20 

52 

June  22 

8£ 

June  23 

71 

June  24 

4ij 

June  25... 

1 

57 

June  26 

64 

June  27 

74 

June  29 

1 

105 

June  30 

6£ 

July  1 

78 

July  2 

4 

8 
2 
6 
4 
8 
1 
6 
2 
3 
2 
4 
3 
5 
3 
2 
12 

7f 

July  3 

IK 

July  6 

1 

12i 

July  7 

Ti 

Julys 

1 

12S 

July9. 

7( 

July  10 

3 

IZ 

July  11 

9' 

July  13.. 

4 

17C 

July  14 

2 
2 
3 
2 
2 
3 
3 
3 
2 
2 
3 
3 
8 

8i 

July  15 

2 

T 

July  16 

7t 

July  17 

10^ 

July  18.. 

2 
3 
2 
3 
2 
1 

i              3 
3 

.             1 

135 

July  20 

13^ 

Julv21 

122 

July  22 

11^ 

July  23 

IK 

July  24 

17 

12" 

July  25 

15 
21 

10* 

July  27 

13 

July  28 

78  1             8 

9 
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Table  22, — Daily  arrivals  of  peaches  at  New  York  by  State  of  origin,  1924  o,nd 

1925— Continued 


State  of  origin 

Date 

Georgia 

North 
Carolina 

South 
Carolina 

Dela- 
ware 

Virginia 

Cali- 
fornia 

New 

Jersey 

New 
York 

Total 

1925 
July  29 

Cars 
80 
65 
52 
32 
57 
35 
50 
42 
33 
20 
29 
24 
21 
26 
18 
6 
17 
12 
10 
3 
2 
1 

Cars 

10 

40 

26 

9 

35 

12 

18 

24 

31 

11 

23 

6 

13 

4 

8 

3 

17 

9 

6 

5 

Cars 
3 
2 
3 

1 
5 
2 

Cars 

Cars 

Cars 

Cars 
7 
16 
21 
8 
16 
14 
11 
1 

10 

6 

9 

10 

10 

14 

13 

12 

18 

14 

16 

17 

15 

5 

19 

21 

22 

15 

12 

9 

17 

8 

2 

7 

4 

5 

8 

1 

6 

1 

2 

2 

1 

i' 

Cars 

Cars 
101 

July  30 

124 

July  31 

103 

Aug.  1 

50 

Aug.  3 

113 

Aug  4 

1 

64 

Aug.  5    - 

79 

Aug.  6 

1 

68 

Aug.  7 

1 

1 

76 

Aug  8 

1 
4 
1 
1 
2 
4 
1 
1 
1 

40 

Aug.  10 

2 

67 

Aug.  11 

1 

42 

Aug  12 

3 
4 

48 

Aug.  13 

51 

Aug.  14 

43 

Aug  15 

1 
2 
1 

1 

23 

Aug.  17      - 

54 

Aug.  18 

37 

Aug  19 

32 

Aug.  20 

25 

Aug  21 

17 

Aug.  22    .. 

6 

Aug.  24 

' 

19 

Aug.  25 

21 

Aug.  26 

22 

Aug.  27 

15 

Aug.  28 . 

13 

Aug.  29 



9 

Aug.  31 

4 

21 

Sept.  1     -- 

8 

Sept.  2 

1 

3 

Sept.  3 

7 

Sept.  4 

1 

1 
1 
1 
3 
2 
3 
3 
8 
5 

6 

Sept.  5 

6 

Sept.  8  _ 

2 

12 

Sept.  9 

4 

Sept.  10-   -  . 

8 

Sept.  11.- 

4 

Sept.  12-- 

6 

Sept.  14  - 

2 

1 

14 

Sept.  15.-- --- 

8 

Sept.  16 

2 

Sept.  17 

2 
4 

8 

10 

5 

34 

42 

14 

25 

10 

5 

11 

1 

6 

9 

4 

1 

14 
1 
5 
6 
1 
2 
1 

11 

Sept.  18-   

16 

Sept.  19 

6 

Sept.  21 

7 
3 
6 
6 
4 

1 
1 

42 

Sept.  22     -       

45 

Sept.  23--- 

21 

Sept.  24 

32 

Sept.  25  - 

14 

Sept.  26 

5 

Sept.  28--- 

11 

Sept.  29--- 

4 
3 

5 

Sept.  30- 

9 

Oct.  1.- 

9 

Oct.  2-- -. 

1 

5 

Oct.  3   -     - 

1 

Oct.  5 -. 

14 

Oct.  6  - 

1 

Oct.  7 

5 

Oct.  8.-- 

6 

Oct.  9 

1 

Oct.  16--^. 

2 

Oct.  19--- 

■"'" 1 
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Table  23. —  Unloads  of  peaches  at  New  York,  by  State  of  origin,  by  weeks,  June, 

1923-October,  1927 


State  of  origin 

Date 

Georgia 

North 
Carolina 

South 
Carolina 

Dela- 
ware 

Virginia 

Cali- 
fornia 

New 
Jersey 

New 
York 

Total  I 

1923 

Cars 

67 

210 

86 

106 

306 

319 

324 

332 

299 

92 

79 

5 

Cars 

Cars 

Cars 

Cars 

Cars 
1 

1 

Cars 

Cars 

Cars 
68 

211 

June  17  to  23 

3 
2 

89 

June  24  to  30 

3 

1 

112 

July  1  to  7 

306 

July  8  to  14 

3 
3 
11 
17 
6 

323 

July  15  to  21 

1 
1 
2 
2 
9 
12 

20 

63 

73 

93 

192 

167 

244 

180 

37 

12 

1 

351 

July  22  to  28 

4 

1 

22 
60 

6 
39 
23 
63 
45 
43 
37 
35 

7 
11 

435 

Julv  29-Aug.  4 

Aug  5  to  11 

460 

206 

Aug.  12  to  18... 

Aug.  19  to  25 

Aug  26-Sept.  1 

335 

2 

1 
1 
1 

14 
72 
129 
92 
79 

229 

308 

Sept  2  to  8 

2 

231 

Sept.  9  to  15 

109 

Sept.  16  to  22 

126 

Sept.  23  to  29      .  ... 

167 

Sept.  30-Oct.  6 

100 

Oct  7  to  13 

96 

i 

Total- 

2,225 

43 

10 

29  1              2 

384 

1,082 

389 

4,262 

Percentage  of  total 

52.2 

1.0 

.2 

.7i            .1 

9.0 

25.4 

9.1 

100.0 

1924 
June  1  to  7 

16 
107 
261 
125 

85 
377 
801 
622 
469 
317 
200 

44 
3 

16 

June  8  to  14 

4 
8 

1 

112 

June  15  to  21 

3 
4 
3 

1 

3 

275 

June  22  to  28 

1 
3 

130 

June  29-July  5 

July  6  to  12 

7 
15 
20 
12 
72 
131 
150 
61 
3 

98 

397 

Julv  13  to  19 

4 
6 
13 

27 
30 
32 
12 
13 
26 

6 
15 
12 
15 

2 

827 

July  20  to  26 

14 
2 
8 
4 
2 

29 

43 

83 

144 

106 

234 

181 

44 

21 

15 

1 

2 

658 

July  27-Aug.  2._ 

Aug  3  to  9 

576 

2 
4 
4 

69 
28 

532 

Aug.  10  to  16... 

Aug.  17  to  23-- 

Aug.  24  to  30 

Aug.  31-Sept.  6 

475 

34 

45 

49 

4 

339 

235 

334 

Sept.  7  to  13       

213 

Sept.  14  to  20 

16 
34 
74 
68 
23 
11 

65 

Sept.  21  to  27 

70 

Sept.  28-Oct.  4 

101 

Oct.  5  to  11 

84 

Oct.  12  to  18-.. 

27 

Oct.  19  to  25 

11 

Total - 

3,417 

473 

41 

97 

135 

218 

903 

225 

5,675 

Percentage  of  total 

1925 
May  17  to  23.. 

61.3 

17 
20 
169 
151 
182 
376 
426 
685 
611 
625 
414 
237 
124 
45 

8.5 

.7 

1.7 

2.4 

3.9 

16.2 

4.0 

100.0 
17 

May  24  to  30 

1 
3 
1 

14 

26 

7 

29 
20 
37 
114 
131 
57 
36 

*" 

21 

May  31  to  June  6 

172 

2 
4 

154 

June  14  to  20 

200 

June  21  to  27-.. 

1 

403 

June  28  to  July  4 

July  5  to  11 

1 
5 
8 
14 
13 
9 

435 

619 

July  12  to  18 

11 
16 
63 

58 
68 
85 
98 
43 
18 

650 

July  19  to  25 

17 

712 

July  26  to  Aug.  1 

608 

Aug.  2  to  8 

2 
13 
2 

1 
1 

440 

Aug  9  to  15 

10 

4 

274 

Aug.  16  to  22. 

171 

Aug.  23  to  29 

99 

Aug.  30  to  Sept.  5.-- 

6 
2 

2 
12 

51 

Sept.  6  to  12 

34 

1  The  weekly  totals  include  all  car-lot  arrivals. 
New  York  were  not  listed  separately. 


Arrivals  from  States  shipping  only  a  few  cars  a  year  to 


44 


TECHNICAL  BULLETIN  115,  U.  S.  DEPT.  OF  AGRICULTURE 


Table  23. —  Unloads  of  peaches  at  New  York,  by  State  of  origin,  by  weeks,  June, 
1923-October,  1927— Conimned 


State  of  origin 

Date 

Georgia 

North 
Carolina 

South 
Carolina 

Dela- 
ware 

Virginia 

Califor- 
nia 

New 
Jersey 

New 
York 

Total 

1925 
Sept.  13  to  19 

Cars 

Cars 

Cars 

Cars 

Cars 

Cars 
9 
26 
8 

Cars 
6 
3 

Cars 

36 

130 

32 

27 

2 

1 

Cars 
56 

Sept.  20  to  26 

159 

Sept.  27  to  Oct.  3 

40 

Oct.  4  to  10 

27 

Oct.  11  to  17 

2 

Oct.  18  to  26 

1 

Total 

3,982 

476 

56 

14 

17 

53 

470 

259 

5,345 

Percentage  of  total... 

74.5 

8.9 

1.0 

.3 

.3 

1.0 

8.8 

4.8 

100.0 

1926 
June  7  to  12 

63 
132 
224 
250 

444 
663 
627 
493 
527 
455 
119 

3 
2 

66 

June  13  to  19    

134 

June  20  to  26 

4 

5' 
4 
5 

I 

29 
45 
3 

229 

June  27  to  July  3 

9 

10 

2 

4 

17 

103 

246 

133 

18 

267 

July  4  to  10. 

1 

461 

July  11  to  17.... 

671 

July  18  to  24 

3 

3 

19 
18 
19 
93 
83 
27 
214 
120 
34 
12 

645 

July  25  to  31 

536 

Aug.  1  to  7- 

681 

Aug.  8  to  14 

2 
3 
31 
60 
20 

2 
17 
73 

74 
12 

1 
2 
4 
6 
9 
12 
10 
8 
1 

1 

773 

Aug.  15  to  21 

382 

Aug.  22  to  28 

227 

Aug.  29  to  Sept.  4... 

1 

205 

Sept.  5  to  11 

280 

Sept.  12  to  18 

3 
21 

77 
76 
63 
15 

145 

Sept.  19  to  25 

66 

Sept.  26  to  Oct.  2 

97 

Oct.  3  to  9 

77 

Oct.  10  to  16 

63 

Oct.  17  to  23 

15 

Total 

3,997 

547 

109 

116 

178 

57 

642 

257 

6,020 

Percentage  of  total... 

66.4 

9.1 

1.8 

1.9 

3.0 

.9 

10.7 

4.3 

100.0 

1927  2 
June  11 

19 
164 
432 
596 
590 
517 
215 
4 

7 

11 

2 

3 

28 

275 

315 

87 

3 

1 

1 

2 

1 

5 

10 

17 

48 

11 

20 

June  12  to  18.. 

173 

June  19  to  25... 

444 

June  26  to  July  2 

603 

July  3  to  9 

603 

July  10  to  16 

562 

July  17  to  23 

3 

7 

8 

31 

25 

33 

.50 

117 

20 

4 

548 

July  24  to  30 

2 
5 

12 
52 
75 
57 
36 
22 
17 
30 
28 
7 

34S 

July  31  to  Aug.  6 

5 

57 
83 
18 

1 

108 

Aug.  7  to  13 

1 
2 
18 

123 

Aug.  14  to  20 

174 

Aug.  21  to  27 

157 

Aug.  28  to  Sept.  3... 

-■ 

109 

Sept.  4  to  10... 

159 

Sept.  11  to  17 

1 
20 

5 
29 

8 

49 

Sept.  18  to  24 

. 

41 

Sept.  25  to  Oct.  1 

35 

Oct.  2to8 

58 

Oct.  9  to  11.. 

15 

Total 

2,537 

732 

95 

21 

164 

343 

298 

63 

4,329 

Percentage  of  total... 

68.6 

16.9 

2.2 

0.5 

3.8 

7.9 

6.9 

1.4 

100.0 

2  Data  taken  from  Macon  report  previous  to  July  17,  and  from  July  17  through  Oct.  11  from  Washington 
reports. 
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Table  24. — Daily  weighted  average  wholesale  price  of  Georgia  -peaches  at  New  York, 
all  varieties  combined,  1924  ond  1925 


Date 

Average  price 
per  crate 

1924 

1925 

May  18 . 

Dollars 

Dollars 

5.66 
5.07 
4.74 
4.06 
3.49 

2  97 
2.23 
3.30 
4.56 
2.88 
3.28 
2.92 
2.84 
2.76 
2.93 
3.28 
3.22 

3  94 
4.88 
4.38 
4.02 

""3.'ii 

3.45 
3.72 
3.73 
4.32 
3.61 

""■"2.'97 

May  19 

May  20 

Mav  22..        .  . 

Mav  23 

May  25 

Mav  26 

May  27 

May  29 

June  1 

June  2 

June  3. 

4.14 

June  4 

June  5 

3.16 

June  8 

June  9 

June  10.      -  ... 

2.85 
3.48 

June  11 

June  12 ..  - 

June  13 

3.09 
1.92 

June  14 

June  15. 

June  16 

1.93 
1.50 
2.24 
1.56 
1.46 
1.74 

June  17 

June  18. 

June  19 

June  20... 

June  21. 

June  22. 

Date 


June  23. 
June  24. 
June  25- 
June  26. 
June  27. 
June  28. 
June  29. 
June  30. 
July  1.. 
July  2.. 
July  3.. 
July  5.. 
July  6-- 
July7.. 
July  8-- 
July9.. 
July  10. 
July  11. 
July  12. 
July  13. 
July  14. 
July  15. 
July  16. 
July  17. 
July  18. 
July  19. 
July  20. 
July  21. 
July  22. 
July  23. 


Average  price 
per  crate 


1924 


Dollars 

1.89 
2.36 
2.84 
2.48 
3.81 
2.98 


4.52 
3.62 
4.01 
4.71 
3.56 


2.81 
2.04 
2.11 
1.73 
1.94 
1.49 


1.42 
1.34 
1.14 
1.20 
1.30 
1.12 


1.03 
1.21 
1.49 


1925 


Dollars 

2.40 
3.66 
2.30 
2.43 
2.21 


2.05 
2.18 
2.39 
2.50 
2.08 


2.34 
2.51 
2.10 
2.36 
2.30 
2.07 


2.08 
2.17 
2.57 
2.77 
2.74 
2.45 


2.60 
2.53 
2.52 
2.34 


Date 


July  24. 
July  25. 
July  26. 
July  27. 
July  28. 
July  29. 
July  30. 
July  31. 
Aug.  1.. 
Aug.  2.. 
Aug.  3.. 
Aug.  4.. 
Aug.  5.. 
Aug.  6.. 
Aug.  7.- 
Aug.  8.. 
Aug.  9.. 
Aug.  10. 
Aug.  11. 
Aug.  12. 
Aug.  13. 
Aug.  14. 
Aug.  15. 
Aug.  16. 
Aug.  17. 
Aug.  18. 
Aug.  19- 
Aug.  20. 
Aug.  21. 
Aug.  22. 


Average  price 
per  crate 


1924         1925 


Dollars 
1.66 
1.71 
1.50 


1.65 
1.92 
2.41 
2.15 
1.78 
1.68 


1.95 
2.00 
1.92 
1.82 
1.95 
2.42 


2.38 
2.64 
2.82 
2.56 
2.33 
2.33 


2.76 
3.15 
3.31 
2.76 
2.67 


Dollars 
2.13 
2.21 


2.46 
2.61 
2.41 


2.19 


2.37 
2.40 
2.31 
2.36 
2.34 
2.56 


2.89 
3.16 
2.67 
2.28 
2.10 
2.64 


2.23 
2.23 
2.28 
1.94 
1.98 
2.16 


Table  25. — Daily  weighted  wholesale  price  of  Georgia  peaches,  per  crate,  at  New 
York,  by  variety,  1924  a^d  1925 


Price  per  crate  of— 

Date 

May- 
flower 

Unee- 
da 

Early 
Rose 

Red 
Bird 

Greens- 
boro 

Arp 

Dixie 
Queen 

car- 
man 

Hiley 

Belle 

El- 
berta 

J.H. 
Hale 

1924 
June  5 

Dolls. 
3.16 

Dolls. 

Dolls. 

Dolls. 

Dolls. 

Dolls. 

Dolls. 

Dolls. 

Dolls. 

Dolls. 

DolU. 

Dolls.} 

June  10 

2.83 
3.00 
3.00 
1.92 
1.95 
1.46 
1.88 
1.65 
1.40 
L40 
1.54 
2.37 
1.95 

June  11 

3.81 
3.12 

June  13. 



June  14.. 

June  16 

L86 
1.32 

June  17 

"2."29" 

L48 
1.86 
2.40 
2.38 

"3.06' 
3.65 
2.96 
3.28 

L90 
2.83 
2.57 

June  18 

June  19 

L19 
.94 
1.00 

June  20 

L49 
L14 
L30 

June  21 

3.72 
3.22 
2.20 
3.34 

LOl 

June  23 

June  24 



June  25 

June  27 

2.58 

June  28 

3.12 



June  30 

4.80 
4.10 

July  1 

3.11 
4.10 

July  2 

4.13  !     5.00 

2.75 

July  3-... 

4.47 
3.14 
L97 
2.76 
2.31 
1.74 

5.21 
3.67 
3.00 

July  5 



3.87 
2.73 
1.90 

1.77 
1  37 

July  7 

3.06 
2.22 
2.17 

1    QK 

July  8. 

July  9 

2.35 

July  10 

2.50 

July  11 



1.  40       2.  22 

July  12- 

L34 

LOS 

L23 
L18 
L25 

L76 
L40 
L34 

L31 
L43 

L48 

July  14. 



July  15 

...:.:: 
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Table  25. — Daily  weighted  wholesale  price  of  Georgia  peaches,  per  crate,  at  New 
York,  by  variety,  1924  (J'^d  1925 — Continued 


Price  per  crate  of— 

Date 

May- 
flower 

Unee- 
da 

Early 
Rose 

Red 
Bird 

Greens- 
boro 

Arp 

Dixie 
Queen 

Car- 
men 

Hiley 

Belle 

El- 
berta 

J.H. 
Hale 

1924 
July  16      -. 

Dolls. 

Dolls. 

Dolls. 

Dolls. 

Dolls. 

Dolls. 

Dolls. 

Dolls. 
1.39 
1.04 

"".'so' 

.89 

Dolls. 
1.09 
1.22 
1.31 
1.18 
2.64 
1.26 
1.30 
1.59 
1.75 
1.02 
1.28 
2.30 
2.79 
2.00 

Dolls. 
1.36 
1.14 
1.27 
1.12 
1.12 
1.27 
1.58 
1.52 
1.91 
1.46 
1.89 
1.89 
2.86 
1.96 
1.84 
1.S9 
2.11 
2.08 
1.79 
1.73 
1.98 
2.57 
2.40 
2.53 
2.71 
2.24 
2.27 
2.12 
2.42 
2.70 
2.88 

Dolls. 
1.25 

Dolls. 

July  17 

1.74 
1.76 

July  18 

1.36 
1.07 
1.03 
1.27 
1.57 
1.71 
1.67 
1.56 
1.64 
1.92 
2.34 
2.17 
1.78 
1.67 
1.95 
2.00 
1.94 
1.82 
1.95 
2.36 
2.40 
2.55 
2.79 
2.55 
2.30 
2.36 
2.71 
3.10 
3.13 
2.71 
2.47 
1.22 
2.67 

July  19 

July  21 

1.26 

July  22 

July  23 

1.50 

July  24- 

July  25 

1.52 

1.50 

July  26 

1.38 

July  28 

July  29 

July  30 

July  31 

Aug.  1. 

1.50 

Aug.  2 

1.50 

Aug.  4 

1.99 
2.03 

1.50 

Aug.  5 

Aug.  6 

Aug.  7 

2.34 

Aug.  8 

1.66 

2.23 

Aug.  9 

3.11 

Aug.  11 

2.25 

Aug.  12 

2.96 

Aug.  13 

3.06 

Aug.  14 

2.75 

Aug.  15  --- 

2.87 

Aug.  16 

2.42 

Aug.  18 

3.05 

Aug.  19 

3.45 

Aug.  20 

3.67 

Aug.  21 

2.83 

Aug,  22 

2.37 

3.02 

Aug.  23 

Aug.  25 

2.91 

Aug.  26  -  -  - 

3.04 

1925 
May  18 

5.66 
5.07 
4.74 
4.06 
3.49 
2.97 
2.09 
2.36 

May  19 

May  20 

May  22 

May  23 

5.50 

May  25 

May  26 

2.51 

May  27 

7.00 
5.45 
3.32 
4.70 
5.26 

May  29 

4.19 
2.81 
3.08 
2.69 
2.76 
2.39 
2.418 
2.56 
2.65 
3.18 





4.72 
3.38 

June  1 

2.98 

June  2 

2.33 
2.93 

June  3 

2.57 
3.68 

3.00 
5.25 
3.11 

June  4 .  . 

June  5 

3.94 
4.10 
3.71 
3.99 
4.44 
5.08 
4.59 
4.10 
3.16 
3.59 
4.14 
3.76 
4.29 
3.53 
2.85 
2.21 

June  6 . 

4.66 
5.10 

1.50 
2.00 

"2.'n 

3.05 
3.09 

2.75 

1.91 
2.50 
2.95 
3.00 

Junes 

3.25 
2.98 
2.25 

June  9 

June  10 

June  11 

June  12 

3.37 

3.91 
3.00 
2.44 
3.05 

6.43 
5.43 

"3.'2i' 
2.42 
2.12 
3.52 

4.04 
3.23 
3.23 
3.31 
3.52 
3.65 
4.28 
3.45 
2.82 
2.45 
2.57 
2.11 
2.21 
1.72 
1.82 
1.83 

June  13.    

June  15 

2.60 

3.75 

June  16 

4.17 

4.88 
5.66 
4.98 
4.32 
3.28 
2.40 
3.96 
2.48 
2.52 
2.25 
2.10 
2.30 
2.39 
2.51 

June  18 

4.57 

3.53 

June  19 

June  20 

4.86 

2.94 
2.25 

3.25 
2.45 
2.00 

"2.66' 
2.80 

June  22     ... 

June  23 

June  24 

3.07 

June  25 

2.08 

1.87 
1.66 

2.44 

June  26 

2.60 

June  27 . 

June  29 

1.59 

1.71 
2.32 
2.45 
2.47 
2.12 

June  30 

1.79 

July  1 

July  2. 

2.45 

Julys ' 

1 

1.  56  '    2. 11 

4.08 
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Table  25. — Daily  weighted  wholesale  price  of  Georgia  peaches,  per  crate,  at  New 
York,  by  variety,  1924  o.nd  1925 — Continued 


Price  per  crate  of- 

- 

Date 

May- 
flower 

Unee- 
da 

Early 
Rose 

Red 
Bird 

Greens- 
boro 

Arp 

Dixie 
Queen 

Car- 
mon 

Hiley 

Belle 

El- 
berta 

J.H. 

Hale 

1925 
July  6     

Dolls. 

DoUt. 

Dolls. 

DoUs. 

Dolls. 

DoUs. 

Dolls. 

DoUs. 
1.79 

Dolls. 
2.37 
2.56 
2.14 
2.15 
2.39 
2.09 
1.91 
2.05 
2.35 
2.53 
2.52 
2.18 
2.26 
2.38 
2.14 

Dolls. 
2.27 
2.36 
2.02 
2.35 
2.13 
1.89 
1.97 
2.09 
2.53 
2.59 
2.75 
2.36 
2.45 
2.46 
2.58 
2.19 
2.15 
2.30 
2.45 
2.52 
2.22 
1.62 
1.42 
1.80 
1.96 
3.88 
2.28 
2.16 
1.80 
2.40 
2.^3 
3.21 
2.93 

Dolls. 
2.68 
2.94 
2.26 
2.52 
2.44 
2.19 
2.19 
2.24 
2.59 
2.85 
2.74 
2.48 
2.63 
2.54 
2.51 
2.36 
2.14 
2.19 
2.46 
2.62 
2.41 
2.19 
2.15 
2.26 
2.38 
2.29 
2.24 
2.28 
2.29 
2.58 
2.96 
3.16 
2.87 
2.28 
2.09 
2.50 
2.21 
2.25 
2.28 
1.94 
1.98 
2.16 

Dolls. 

July  7 

Julys 

1.61 

1.74 

July  9- 

July  10 

July  11 

July  13. 



1.81 
1.83 
3.01 

July  14 

July  15 

July  16 

July  17 

2.74 
1.59 

July  18 

July  20 

July  21... 

July  22.    .  . 

3.00 

July  23 

July  24 

1.89 

July  25 

.. 

3  70 

July  27 

July  28- 

2.00 

2.94 

July  29 

3.05 

July  30 

July  31.     .  - 

2  97 

Aug.  1.. 

Aug.  3 

3.23 

Aug.  4 

3  38 

Aug.  5 

3.00 

Aug.  6 

2  84 

Aug.  7 

2.88 

Aug.  8 



2  64 

Aug.  10 

3.45 

Aug.  11 

Aug.  12 

2  60 

Aug.  13-. 

Aug.  14 



3.25 

Aug.  15 

3.12 

Aug.  17-. 

2.65 

Aug.  18. 

Aug.  19 

Aug.  20- 

Aug.  21 

Aug.  22 

Table  26. — Daily  weighted  wholesale  price  of  Georgia  peaches,  per  bushel,  at  New 
York,  by  variety,  1924  and  1925 


Price  per  bushel  of— 

Date 

Price  per  bushel  of— 

Date 

Early 
Rose 

Car- 
man 

HUey 

Belle 

El- 
berta 

J.  H. 
Hale 

Early 
Rose 

Car- 
man 

HUey 

Belle 

El- 
berta 

J.H. 
Hale 

1924 
July  14 

Dolls. 

Dolls. 

Dolls. 
1.68 
1.38 
L04 
1.15 
LOO 
.94 

Dolls. 

Dolls. 

DoUs. 

1924 
Aug.  11 

DoUs. 

DoUs. 

DoUs. 

Dolls. 
2.04 

Dolls. 
2.57 
2.25 
3.13 
2.61 
1.97 
2.32 
2.42 

Dolls. 
2  50 

July  16 

L25 
1.50 
1.44 
1.31 
L07 

Aug   12 

July  17 

Aug.  13 

3  23 

July  18 

1.00 

Aug.  14 

July  19 

Aug.  15    . 

L75 
2.00 
2.07 

3  06 

July  21 

Aug.  16 

July  24 



1.50 
1.75 
1.89 
2.25 
L75 
2.18 
2.43 
L91 

Aug.  18 

2  02 

July  26 

Aug.  19.  . 

2.94 

July  28 

Aug.  20 

2.25 
3.21 

2.50 

July  31 

Aug.  21 

Aug.  1 

1925 

June  3 

June  5 

June  11 

June  12 

June  13 

3.64 
3.75 
4.50 
4.74 
3.67 

Aug.  2 

Aug.  4 

2.00 
2.00 
L66 
L62 

Aug.  6. 

Aug.  7 



Aug.  8- 

1.86 
2.22 

Aug.  9 
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Table  26. — Daily  weighted  wholesale  price  of  Georgia  peaches,  per  bushel,  at  New 
York,  by  variety,  1924  cmd  ^925 — Continued 


Price  per  bushel  of— 

Date 

Price  per  bushel  of— 

Date 

Early 
Rose 

Car- 
man 

Hiley 

Belle 

El- 
berta 

J.  H. 
Hale 

Early 
Rose 

Car- 
man 

Hiley 

Belle 

El- 
berta 

J.H. 
Hale 

1925 
June  16--- 

Dolls. 
1.50 
2.25 
1.50 

Dolls. 

Dolls. 

Dolls. 

Dolls. 

Dolls. 

1925 
July  18 

Dolls. 

Dolls. 

Dolls. 
2.20 

Dolls. 
2.38 
2.09 

"2."84" 

Dolls. 
2.30 
2.46 
1.82 
2.85 
2.21 
2.38 
2.22 
2.25 
2.12 
2.04 
2.14 
1.97 
2.28 
2.19 
2.34 
2.38 

Dolls. 

June  20 

July  20 

June  23 

1.72 

2.75 
2.69 
2.74 
2.75 
1.79 
2.41 
2.31 
2.37 
2.47 
1.94 
2.18 
2.66 
1.95 
1.25 

'i."75" 
2.25 
2.00 
2.75 

July  21.-. 

2.38 
2.75 

June  24 

July  22 

June  25 

1.50 
1.75 

July  23 

2.00 

June  26 

July  24... 

1.97 
2.06 
2.16 

June  27 

July  25 

June  29 

July  27 

June  30 

2.00 

July  28.. 

2.33 

July  1 

July  29 

2.09 

3.68 

July  2 

3.00 

July  30 

July  3 . 

2.41 
2.25 
1.63 
2.00 
2.25 
2.04 
1.87 
1.75 
1.96 
2.57 

July  31.  . 

1.25 

2.27 

July  6 

Aug.  3 

July  7 

Aug.  4 

1.94 

Julys 

1.66 

1.88 
2.38 
2.07 
2.16 
2.00 
2.26 
2.61 
3.04 

2.53 

July  9 

Aug.  7 

July  10 

1.65 

Aug.  10 

2.02 
1.75 

July  11.  _ 

Aug.  11 

2.88 
2.01 

2.50 

July  13 

Aug.  15. 



July  14 

Aug.  19 

2.94 

July  15-  . 

?.00 

Aug.  23 

2.25 

July  16 

Table  27. — Daily  weighted  average  wholesale  price  of  Georgia  peaches  per  crate  at 
New  York,  by  variety  and  size,  1924  O'l^d  1925 


Mayflower 

Uneeda 

Red  Bird 

Date 

2  by  2 
by  6 
size 

2  by  3 
by  6 
size 

3  by  3 
by  6 
size 

2byl 
by  6 
size 

2  by  2 
by  6 
size 

2  by  3 
by  6 
size 

3  by  3 
by  6 
size 

2by  1 
by  6 

size 

2byl 
by  6 

size 

2  by  3 
by  6 
size 

1924 
June  5 

Dollars 
3.50 

Dollars 
3.25 

Dollars 
3.13 

Dollars 
5.00 

Dollars 
4.20 
3.28 

Dollars 
3.50 
3.04 
3.00 
3.00 
3.00 
2.06 
1.98 
L69 
1.87 

Dollars 

Dollars 

Dollars 

Dollars 

June  10 . 

2.25 

June  11 

4.50 

3.53 

June  12 

June  13 

4.00 

3.07 

June  14 

2.60 
2.25 

2.22 
2.04 

1.78 
2.25 

1.49 
1.46 
1.16 

'"i.ls" 

LOO 
L25 
L31 
L50 
L76 
3.00 



June  16 

3.00 

i.si 

1.50 

'"i."25' 

1.69 

June  17 

2.50 
3.25 
3.00 

2.15 
2.75 
2.50 

2.00 

June  18 

June  19 

1.75 
1.25 
LOO 

i.3i 

1.05 
L25 

L04 
.85 
.95 

June  20 

2.00 
1.41 
L94 
2.73 
2.25 

1.42 
1.41 
1.57 
2.22 
2.00 
3.23 

2.50 

June  21 

3.92 
4.00 

3.36 
3.18 

2.20 

June  23 

2.75 

June  24 ... 

3.50 

2.50 

June  25 

4.25 

3.95 

June  27 
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Table  27. — Daily  weighted  average  wholesale  price  of  Georgia  peaches  per  crate  at 
New  York,  by  variety  and  size,  1924  cind  1925 — Continued 


Arp 

Early  Rose 

Carman 

Date 

2by  1 
bye 
size 

2  by  2 
by  6 
size 

2  by  3 

2byl 
by  6 
size 

2  by  2 

by  6 
size 

2  by  3 
by  6 
size 

3  by  3 
by  6 
size 

2byl 
by  6 
size 

2  by  2 
by  6 
size 

2  by  3 
by  6 
size 

3  by  3 

1924 
June  18 

Dollars 

Dollars 

Dollars 

Dollars 

Dollars 
3.00 

Dollars 
2.25 
1.50 
1.96 
2.18 
1.87 

Dollars 

Dollars 

Dollars 

Dollars 

Dollars 

June  19 

1.38 

June  20 

1 

2.75 
2.64 
3.09 

1.66 

June  21 



4.00 
3.93 

June  23 

1.50 
2.00 

i.i3 

1.50 

June  24 

2.00 

1.25 

June  25 

4.13 
4.50 
5.00 

3.75 

3.44' 

4.50 

2.52 
3.00 
3.37 
3.45 
3.50 

June  26 

3.28 

•2.96 

2.50 

2.25 

June  28 

June  30 

5.50 

4.67 
5.00 

3.00 
3.25 

3.25 

July  1 

July  2     . 

5.00 
4.75 
3.41 

July  3 

5.84 
4.00 
3.35 
2.75 

5.00 
3.65 
2.97 
2.47 

4.07 
3.00 
1.97 
2.22 
2.08 
1.72 

July  5 

"""i."o6" 

4.60 
3.38 
2.23 
1.97 
2.18 
2.86 
1.42 
1.64 
1.68 
1.68 
1.27 
1.00 

3.97 
2.91 
2.00 
1.84 
1.55 
1.68 
1.31 
1.21 
1.26 
1.22 
1.08 
.85 

3.50 
2.62 
1.81 
1.72 
1.24 
1.30 
1.14 
1.01 
1.03 
1.21 
.63 
.77 

July  7 

2.50 
2.22 

2  25 

Julys 

July  9 

4.52 
2.63 
2.25 

1.57 

July  10 

1  23 

July  11 

1. 15 

July  12 



July  14 

1.00 

July  15 

July  16 



July  17 

July  19 

HUey 

Elberta 

Belle 

Date 

2byl 
bye 
size 

2  by  2 
by  6 
size 

2  by  3 
by  6 
size 

3  by  3 

by  6 
size 

2byl 
by  6 
size 

2  by  2 

2  by  3 

2byl 
by  6 
size 

2  by  2 
by  6 
size 

2  by  3 
bye 
size 

1924 
June  21. 

Dollars 
1.25 

Dollars 
1.00 
2.75 
3.63 
3.00 
2.19 
2.27 
2.90 
1.91 
1.70 
1.47 
1.41 
1.39 
1.26 
1.26 
1.03 
1.15 
1.34 
1.48 
1.70 
1.10 
1.44 
2.25 
2.50 
2.00 

Dollars 
1.00 

Dollars 

Dollars 

Dollars 

Dollars 

Dollars 

Dollars 

DoUars 

July  2.. 

July  7 

3.03 
2.15 
2.21 
1.98 
2.18 
1.73 
1.42 
1.31 

.96 
1.07 
1.29 
1.08 

.84 
1.07 
1.17 
1.33 
1.50 

.80 
1.50 

3.00 

July  8. 

July  9... 

2.75 

1.97 
1.50 
1.91 
1.38 
1.22 

July  10 

i'Bo 

2.50 

2.50 

July  11 

July  12 

1.90 
2.34 
1.90 
1.58 
3.06 
2.50 
1.65 
1.44 
1.79 
2.28 
2.11 
1.89 
1.37 
1.15 
2.30 
2.82 

2.00 
1.61 
1.90 
1.80 
1.46 
1.58 
1.29 
1.62 
1.35 
1.90 
1.68 
2.15 
1.68 
1.98 
1.97 
3.00 
2.34 

1.79 
1.42 
1.62 
1.31 
1.16 
1.27 
1.13 
1.08 
1.28 
1.55 
1.50 
1.91 
1.50 
1.73 
1.50 
2.39 
2.00 

1.27 
1.28 
1  24 

July  14 

July  15 

July  16 

1.25 

1.25 

1  25 

July  17 

1  09 

July  18 

2.00 
1.17 
1.31 
1.71 
1.91 
1.86 
1.75 
1.59 
1.77 
2.05 
2.55 
2.31 

1.34 
1.10 
1.09 
1.22 
1.54 
1.65 
1.67 
1.56 
1.61 
1.88 
2.33 
2.12 

1.00 
.96 
.83 
1.00 
1.26 
1.56 
1.50 
1.49 
1.47 
1.80 
2.09 
1.94 

.98 
1.00 

.87 
1.08 
1.25 
1  15 

July  19... 

July  21 

July  22 

July  23 

July  24 

July  25  . 

1.27 
1.25 

July  26. 

July  28 

July  29 

1.50 

July  30.-.. 

1.75 
2.00 

July  31 

'"i.'50 

37093°-~29 4 
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Table  27. — Daily  weighted  average  wholesale  price  of  Georgia  peaches  per  crate  at 
New  York,  by  variety  and  size,  1924  «^<^  1925 — Continued 


HUey 

Elberta 

Belle 

J.  H.  Hale 

Date 

2by  1 
by  6 
size 

2by2 
by  6 
size 

2  by  3 

bye 

size 

3  by  3 
by  6 

size 

2by  1 
bye 
size 

2  by  2 
bye 
size 

2  by  3 
bye 
size 

2byl 
bye 

size 

2  by  2 
bye 
size 

2  by  3 
bye 
size 

2by  1 
bye 
size 

2  by  2 
bye 
size 

2  by  3 

bye 
size 

1924 
Aug.  1 

Dolls. 

Dolls. 

Dolls. 

Dolls. 

Dolls. 
1.99 
1.79 
2.20 
2.29 
2.10 
2.16 
2.16 
2.45 
2.83 
2.81 
3.06 
2.77 
2.53 
2.68 
2.98 
3.19 
3.19 
2.78 
2.93 
2.95 

Dolls. 
1.74 
1.67 
1.90 
1.97 
1.89 
1.70 
1.89 
2.35 
2.13 
2.54 
2.94 
2.31 
2.36 
2.35 
2.77 
3.03 
3.17 
2.65 
2.70 
2.68 

Dolls. 
1.40 
1.56 
1.64 
1.73 
1.67 
1.70 
1.70 
2.01 
1.97 
2.26 
2.38 
2.26 
2.05 
1.97 
2.22 
2.63 
2.75 
2.50 
1.75 
1.81 

Dolls. 
1.90 
2.01 
2.22 
2.22 
1.89 
1.82 
2.01 
2.75 
2.50 
3.00 
3.22 
2.39 
2.57 
2.48 
2.83 
3.00 
3.25 

Dolls. 
1.67 
2.00 
2.00 
1.79 
1.74 
1.72 
1.89 
2.50 
2.22 
2.75 
2.94 
2.25 
2.34 
2.36 
2.55 
2.75 
3.00 

Dolls. 
1.50 
1.67 

Dolls. 
1.75 
1.50 

Dolls. 
1.50 
1.50 
1.50 

Dolls. 
1.50 

Aug.  2      

1  50 

Aug.  4 

2.09 
2.50 

1.94 
2.26 

1.70 
1.75 

1  50 

Aug.  5.. 

1.50 

Aug.  6    .  .     

■ 

Aug.  7 

1.55 
1.53 
2.50 
1.94 
2.12 
2.26 
2.16 
1.89 
1.95 
2.02 
2.00 
2.25 

2.75 
2.44 
3.22 

2.00 
2.00 
2.50 

Aug  8 

1.73 

1.71 

1.56 

Aug.  9               

2  25 

Aug.  11 

Aug.  12 

3.04 
3.06 
2.78 
2.87 
2.53 
3.22 
3.46 
3.67 
2.84 
3.03 
3.00 

2.50 
2.50 
2.50 

Aug.  13 

Aug.  14 

Aug.  15  .      

Aug.  16 

2.40 
2.60 

2.75 

2!  75 

Aug.  18 

2  25 

Aug.  19 

Aug.  20 

Aug.  21  ...  

Aug.  22 

3.00 

2.79 

2.14 

Aug.  25._ 

2.69 

! 

Mayflower 

Uneeda 

Date 

2by  1 
bye 
size 

2  by  2 
bye 
size 

2  by  3 
bye 
size 

2  by  3 
by  7 
size 

3  by  3 
bye 

size 

2by  1 

2  by  2 
bye 
size 

2by2 
by  7 
size 

2  by  3 
bye 
size 

2  by  3 
by  7 
size 

2  by  3 

by  8 
size 

3  by  3 
by  6 
size 

1925 
May  18. _ 

Dolls. 

Dolls. 
6.25 



Dolls. 
5.26 
5.47 
4.25 
4.50 
3.22 

Dolls. 

Dolls. 

Dolls. 

Dolls. 

Dolls. 

Dolls. 

Dolls. 

Dolls. 

DoUs. 

Mavl9 

"■3.'25" 
3.25 
2.86 

4.00 

May  22 

3.00 

2  43 

May  23-.- 

May  25 

4.50 

3.00 

May  26--.   .... 

3.00 
3.89 
3.01 
3.23 

2.77 
2.94 
2.96 
2.65 
2.73 
2.95 
3.27 

2  43 

May  29 

4.63 
3.28 
3.60 
2.89 
3.50 
3.36 
2.79 
2.84 
3.17 
3.01 
3.75 

4.00 

2.25 
2.00 

"3.' 25' 

3.93 
2.40 

2.75 
2.29 
2.61 

"2."  67' 
2.34 
2.50 
2.71 

June  1.-- 

3.50 

2.86 

1.60 

2.40 
2.50 
2.25 
2.60 
2.25 

"2.66" 

2  48 

June  2- 

4.00 

2.67 

June  3 

2.36 

June  4 

4.25 

3.75 

3.00 

4.00 

June  5 

2.49 

June  6.. 

3.77 
3.17 

2.25 

June  8 

2  44 

June  9 

2.55 

June  10     

June  11 

June  12.— 

4.00 

3.50 

3.25 

June  13 

3.00 

2.50 

2.50 

June  15 

3.50 

2.55 

2.70 

2.49 
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Table  27. — Daily  weighted  average  wholesale  -price  of  Georgia  -peaches  per  crate  at 
New  York,  by  variety  and  size,  1924  (^^d  1925 — Continued 


Elberta 

J.  H.  Hale 

Date 

2byl 
by  4 
size 

2byl 
by  5 
size 

2byl 
by  6 
size 

2by2 
by  6 
size 

2by2 
by  7 
size 

2by3 
by  6 
size 

2by3 

by  7 
size 

3by3 
by  6 
size 

2byl 
by  4 
size 

2byl 
by  5 
size 

2byl 
by  6 
size 

2by2 
by  6 
size 

2by3 
by  6 
size 

1925 
June  24 

Dolls. 

Dolls. 

Dolls. 
3.25 

Dolls. 
3.01 
2.50 
1.75 
3.50 
2.65 
2.74 
2.31 
2.37 
2.35 
2.19 
2.18 
2.25 
2.55 
2.82 
2.73 
2.47 
2.55 
2.62 
2.45 
2.41 
2.19 
2.13 
2.61 
2.60 
2.42 
2.20 
2.14 
2.24 
2.36 
2.39 
2.11 
2.26 
2.28 
2.52 
2.69 
3.61 
2.64 
2.72 
2.03 
2.45 
2.44 
2.31 
2.29 
1.14 

Dolls. 

Dolls. 
2.50 
2.50 
1.95 

Dolls. 

Dolls. 

Dolls. 

Dolls. 

Dolls. 

Dolls. 

Dolls. 

June  30 

i.75 
4.67 
3.88 
3.36 
2.71 
2.74 
2.81 
2.42 
2.42 
2.47 
2.89 
3.08 
2.91 
2.58 
2.70 
2.75 
2.66 
2.43 
2.43 
2.44 
2.69 
2.92 
2.60 
2.48 
2.20 
2.46 
2.52 
2.64 
2.55 
2.31 
2.44 
2.83 
3.04 
3.62 
3.19 
2.62 
2.45 
2.71 
1.97 
2.51 
2.50 
1.99 

1.25 

July  3 

July  6 

'2."66' 
1.93 

l.'ss' 

2."  32' 
2.25 

'i.'96' 
2.00 

"i."75" 

2.02 
2.34 
1.78 
1.90 
1.99 
1.86 
1.78 
2.06 
2.21 
2.63 
2.47 
2.21 
2.37 
2.34 
2.29 
2.19 
1.93 
1.46 
2.02 
2.21 
2.18 
1.79 
1.94 
2.02 
1.90 
1.86 
1.68 
1.83 
1.94 
2.04 
2.33 
2.62 
2.26 

2.00 
2.00 
1.90 

July  7 

Julys 

3.00 
3.50 
2.75 

July  9 

July  10 

1.75 
1.50 

1.56 
1.75 
1.53 

July  11 

July  13 

2.50 
2.50 



July  14 

July  15 

July  16 

2.00 

2.00 

July  17 

July  18 

2.75 

"i'oo" 

1.75 

2.00 
2.38 

July  20 

July  21 

July  22 

July  23 

Tss' 

1.01 

July  24 

July  25 

4.00 

3.25 

July  27 

2.00 
2.00 
1.86 

July  28 

3.00 
3.18 

2.00 
2.67 

July  29 

2.75 
2.50 
2.21 
2.50 
2.75 
2.75 
2.50 
2.50 

3.00 

3.44 

2.00 

July  30 

2.50 
2.49 

July  31 

3.00 

3.50 

3.25 

1.50 

Aug  1 

Aug  3 

2.75 
2.75 

3.26 
3.60 

3.26 
3.48 

3.26 
3.25 
3.13 
2.99 
2.95 

2.50 
2.50 
2.66 
2.43 
2.70 

Aug  4 

Aug.  5 

1.27 

Aug  6 

2.76 

Aug.  7 

3.00 

Aug.  8 

2.72 
2.81 

2,64 

Aug  10 

3.64 

3.33 

2.00 

Aug.  11 

Aug.  12-. 

3.14 

2.00 

2.75 

2.27 

Aug.  13..            .      .. 

Aug.  14 

1.76 
2.00 
2.10 
1.83 
1.89 
1.00 

Aug.  15 

3.14 

2.76 

Aug.  17 

Aug.  18 

Aug.  19 

Aug.  20 

i"""" 

Red  Bird 

Date 

2bylby5 
size 

2bylby6 
size 

2by2by6 
size 

2by3by6 
size 

2by3by7 
size 

3by3by6 
size 

1925 
May  29 

Dollars 
6.43 
6.00 

Dollars 
6.30 
3.50 
4.87 
5.47 
5.05 
5.85 
7.00 
6.00 
5.00 
6.00 
6.00 

Dollars 
5.90 
3.22 
3.60 
4.04 
3.90 
4.47 
5.74 
5.60 
4.00 
4.00 
4.00 

Dollars 
2.75 
3.00 
2.75 
4.00 
3.00 
3.50 
5.00 
4.00 
3.60 

Dollars 

Dollars 

June  1 ..  .. 

2.50 

June  2 

June  3 

June  6 

3.00 

Junes 

June  12 

June  13    . . 

June  16 

June  18 . 

June  20 

4.00 
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Table  27. — Daily  weighted  average  wholesale  -price  of  Georgia  peaches  per  crate  at 
New  York,  by  variety  and  size,  1924  ctnd  1925 — Continued 


Dixie  Queen 

Arp 

Date 

2byl 
bye 
size 

2  by  2 

bye 
size 

2  by  3 

by  6 
size 

2  by  3 

by  7 
size 

3  by  3 
bye 
size 

2by  1 
bye 
size 

2  by  2 

2  by  3 
bye 
size 

3  by  3 
bye 
size 

June  6 

Dollars 

Dollars 
2.02 
2.50 

Dollars 

1.78 

""3.'03' 
3.00 

Dollars 

Dollars 
1.60 

Dollars 

Dollars 

Dollars 

Dollars 

June  8 

2.50 

June  9  ..  

2.76 

3.00 
3.17 
3.71 

2  50 

June  10 

3.00 

2  75 

June  11 

3.50 

2  93 

June  15 

2.75 

2.70 

2.26 
2.00 

2.25 
2.25 

3.75 

June  16 

2.50 

June  20 

3.26 
2.43 
2.00 
2.00 
1.75 
1.93 

3.21 
2.50 
2.00 
1.73 
1.60 
1.60 

3.26 

June  22 

2.00 
2.75 
2.47 

June  23  . 

.3.25 
3.00 

1.60 
1.50 
1.26 
1.38 

June  25 

1.36 

June  26. 

June  29.-.. 

Early  Rose 

Carman 

Date 

2by  1 
by  6 
size 

2  by  2 
by  6 
size 

2  by  3 
bye 
size 

2  by  3 
by  7 
size 

2  by  3 
by  8 
size 

3  by  3 
bye 
size 

3  by  3 
by  7 
size 

2  by 
bye 

size 

12  by  2 
bye 

2  by  2 
by  7 
size 

2  by  3 
bye 
size 

2  by  3 
by  7 
size 

3  by  3 
bye 
size 

1926 
June  2 

Dolls 
6.00 
5.00 

Dolls. 
4.96 
4.41 

Dolls. 
4.00 
3.13 

Dolls 

Dolls. 

Dolls. 
3.00 

Dolls. 

Dolls 

.  Dolls. 

Dolls. 

DoUs. 

DoUs. 

Dolls. 

June  3 

3.00 

June  4    .     

.    4.00 

3.00 
3.23 

June  5       -  -     . 

5.50 
5.77 
5.46 
5.50 
6.00 
5.50 
7.00 
6.39 
5.02 
4.51 
4.95 
5.00 
5.12 
3.95 
3.25 
2.50 

4.81 
4.70 
4.63 
5.22 
5.10 
5.69 
5.80 
4.80 
4.37 
4.47 

3.21 
3.58 
3.75 
4.14 
4.26 
5.01 
5.00 
3.80 
3.67 
3.63 
3.79 
4.00 
4.22 
3.33 
2.54 
1.96 

2.25 

June  6 

3.16 
2.98 
3.81 
4.17 
4.00 

"3."  67' 
2.81 
3.13 
3.50 
4.00 
3.75 
3.00 

3.50 
"3.'50' 
'3."  75' 

l.'oo" 

3.50 
3.06 
3.59 
4.00 

Junes       

June  9 

2.75 
5.00 

2.50 
,    2.50 

2.25 
2.25 

June  10 

2.00 

June  11 

June  12 

4.28 
2.84 
2.44 
3.29 
3.26 

'3.' 25" 

4.32 
3.50 
3.42 
3.69 
3.94 
4.11 
4.81 
4.22 
3.20 
2.91 
3.44 
2.26 
2.32 
2.24 
1.94 
2.47 

4.1.5 
3.32 
3.43 
3.48 
3.68 
3.70 
4.73 
3.36 
2.98 
2.63 
2.76 
2.26 
2.12 
1.93 
1.96 
2.15 

'3."25" 

'3."i9" 
3.37 





'i.'75' 
1.25 

3.82 
3.15 
3.32 
3.20 
3.00 
3.49 
3.56 
3.22 
2.55 
2.20 

4.00 
3.00 

June  13... 

June  15 

3.50 
3  00 

3.50 

2.82 
2.94 
3.25 
3.47 
2.60 
2.45 
1.75 
1.75 
1.25 
1.50 
1.25 

2.98 

June  17 

3  00 

June  18. 

4.00 
4.88 
3.67 
3.27 
2.24 

June  19 

3  43 

June  20...  

2.94 

2.31 

June  23 

1  93 

June  24.     -   

June  25 

2.26 

1.99 

1.88 

1.53 

June  26 

1.71 

June  27- 

1.00 

June  29 

1.69 
1.43 

1.63 

June  30     

1.60 

Greensboro 

Date 

Carman 

Date 

2by  1 
by  6 
size 

2  by  2 
bye 
size 

2  by  3 
by  6 
size 

3  by  3 
bye 
size 

2byl 
bye 
size 

2  by  2 
bye 
size 

2  by  2 
by  7 
size 

2  by  3 
by6 
|size 

2  by  3 
by  7 
size 

3  by  3 
bye 
size 

1925 
June  2 

Dollars 

Dollars 
2.  25 
3.75 

Dollars 
2.50 
3.07 
1.50 
3.50 
1.90 
2.25 

Dollars 
2.23 
2.80 

July  2... 
July  3... 
July  6... 
Julys... 
July  9... 
July  13-. 
Julv  H.- 
July 15-. 
July  17-- 
July  18.. 
July  22.- 

Dollars 
2.75 
2.20 
2.02 
2.00 
1.75 
1.25 

Dollars 
2.04 
1.56 
1.66 
1.50 
1.75 
3.06 
2.25 
3.25 
2.  50 
1.80 
2.00 
9  na 

Dollars 

DoUars 
2.00 
1.43 

DoUars 

Dollars 

June  3 

1.50 

June  6 

4.00 
3.75 
2.25 

1.60 
1.26 
1.70 
1.77 
3.00 
3.20 
1.49 

June  20 

2.00 
2.25 

June  22 

2.  75 
2.50 
2.50 
2  0^ 

3.20 

1.78 

1 

1 

1 
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Table   27. — Daily  weighted  averge  wholesale  price  of  Georgia   peaches  per  crate  at 
New  York,  by  variety  and  size,  1924  o^nd  1925 — Continued 


Hiley 

Date 

2bylby6 
size 

2by2by6 
size 

2by2by7 
size 

2by2by8 
size 

2by3by6 
size 

2by3by7 
size 

2by3by8 
size 

3by3by6 
size 

1925 
June  17     

Dollars 

Dollars 
5.50 
6.40 
5.50 
4.56 
3.56 
2.91 
5.49 
2.87 
3.01 
2.65 
2.45 
2.97 
3.19 
3.11 
2.73 
2.84 
3.06 
2.37 
2.78 
1.97 
2.23 
2.05 
2.07 
2.41 
2.61 
2.75 
2.28 
2.50 
2.50 
2.50 

Dollars 

Dollars 

Dollars 
4.00 
6.50 
4.50 
3.68 
3.17 
2.07 
4.01 
2.47 
2.43 
2.17 
2.13 
2.34 
2.25 
2.34 
1.95 
2.11 
2.30 
2.09 
2.09 
2.62 
2.01 
1.93 
2.00 
2.37 
2.25 
2.50 
2.11 
2.25 
2.38 
2.14 

Dollars 

Dollars 

Dollars 

June  18            

7.00 
6.50 
5.41 
4.19 
3.29 
6.86 
3.54 
3.83 
3.35 
3.48 
4.26 
4.51 
4.52 
4.25 
3.65 
3.99 
2.45 
3.71 
2.70 
2.41 
1.97 
2.01 

4.21 

June  19 

4.00 

June  20     

4.00 
3.01 
2.42 
2.25 
2.20 
2.20 
1.96 
1.86 
1.75 
2.25 
2.30 
1.60 
2.12 
1.58 
1.88 

3.25 

June  22             

2.81 
2.25 
1.65 
2.15 
2.03 
1.75 
1.72 
1.92 
2.13 
1.80 
1.61 
1.64 
2.13 
1.80 
1.69 

2.50 

2.74 

June  23 

2  46 

June  24         

1.50 
2.00 
2.00 
1.66 
1.50 
1.50 

3.76 

June  25                  

2.00 

June  26 

2  20 

June  27        

1.82 

June  29 

1.50 

June  30  

1.75 
1.75 
1.76 

1.98 

July  1            

1.72 

July  2 

i.75 
1.85 

1.79 

July  3       

1.57 

July  6                    -  -  - 

July  7 

2.37 

July  8             

1.77 

July  9 

1.60 

July  10    -  

1.68 

July  11                 .  ... 

July  13 

1.86 

1  68 

July  14        .  .  

2.00 

July  15 

1.75 

July  16. 

2.57 

July  17                  .  — . 

July  18 

2.50 

July  20        .— . 

July  21 

July  22 

Belle 

Date 

2bylby6 
size 

2by2by6 
size 

2by2by7 
size 

2by3by6 
size 

2  by  3  by  7 
size 

3by3by6 
size 

Dollars 
2.00 
3.60 
4.89 
2.04 
3.60 
2.89 
3.03 
2.65 
2.79 
2.38 
1.60 
2.23 
2.38 
2.92 
3.23 
2.95 
2.66 
2.74 
1.60 
3.00 
3.00 
2.28 
2.97 
2.86 
2.93 
2.09 
2.31 
1.85 
1.90 
1.76 
4.03 
2.33 
2.04 
2.10 
2.50 
2.99 
3.48 
3.00 
3.25 
2.86 

Dollars 
1.81 
2.79 
2.91 
2.91 
2.43 
2.45 
2.67 
2.27 
2.27 
2.22 
2.05 
2.04 
2.14 
2.61 
2.78 
2.68 
2.62 
2.70 
3.37 
2.78 
2.37 
2.19 
2.31 
2.44 
2.61 
2.28 
1.65 
1.31 
1.83 
2.10 
3.48 
2.42 
2.71 
1.97 
2.48 
2.56 
2.70 
2.66 
3.25 
2.60 

Dollars 

Dollars 
1.61 
2.30 
2.07 
2.50 
1.75 
1.92 
2.08 
1.84 
1.96 
1.96 
1.87 
1.76 
1.78 
2.25 
2.30 
2.63 
2.35 
2.34 
2.67 
2.38 
2.17 
2.00 
1.87 
2.29 
2.24 
2.17 
1.60 
1.46 
1.64 
1.99 

Dollars 
1.50 
1.96 
1.80 
1.91 
1.61 
1.73 
1.43 
1.61 
1.91 
1.63 
1.68 
1.76 
1.75 

Dollars 

June  30 

1.79 
2.00 
2.06 
2.88 
2.18 
1.86 
1.79 

1.75 

July  1             

1.50 

July  2 

2.00 

July  3 

1.60 

July  6                             -           

2.00 

July  7 

1.69 

July  8 

1.54 

July  9 

1.50 

July  10 

1.99 
1.74 

1.60 

July  11                         

1.57 

July  13 

1.56 

July  14 

1.75 
2.18 
1.75 

1.60 

July  15 

1.75 

July  16 

2.00 

July  17    .- 

July  18      . 

2,25 

July  20.... - 

2.33 

July  21 

2.07 

July  22 

2.25 

July  23 

July  24 

1.60 

1.86 

July  25-..- 

July  27 

2.06 

July  28 

2.00 

July  29     

July  30 

1.88 

July31 

Aug.  1 

Aug.  3 

Aug.  4              

Aug.  5 

2.00 
1.66 
1.37 
2.00 

2.00 

Aug.  6 

1.75 

Aug.  7 

Aug  8 

Aug.  10 

Aug.  11 

2.87 
2.25 

Aug.  12 

Aug.  14 

Aug.  17 

2.00 

The  peaches  were  more  carefully  sorted  according  to  size  in  1925  than  in 
Prices  were  a  good  deal  higher  in  1925. 
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Table  28. — Daily  weighted  average  wholesale  -price  at  New  York,  of  Elberta  peaches, 
2  by  2  by  6  size,  out  of  storage,  1924  and  1925 


Date 

Weighted  price, 
per  crate 

Date 

Weighted  price, 
per  crate 

Date 

Weighted  price, 
per  crate 

1924 

1925 

1924 

1925 

1924 

1925 

Aug.  5. 

Dollars 

Dollars 
2.37 
2.40 
2.18 
2.46 

"""2.'65 

Aug.  11 

Dollars 
2.41 
2.45 
2.67 
2.52 
2.37 
2.30 

Dollars 
2.95 
2.57 
2.17 
2.04 
2.55 



Aug.  17 

Dollars 

Dollars 
2  18 

Aug.  6 

Aug.  12. 

Aug.  18 

3.00 

2  14 

Aug.  7.- 

Aug.  13 

Aug.  19 

2  18 

Aug.  8 

1.90 
2.50 

Aug.  14 

Aug  20 

2  07 

Aug.  9 

Aug.  15 

Aug.  21 

1  98 

Aug.  10 

Aug.  16- 

Aug.  22 

2  16 

Table  29. — Daily  carload  supply  and  unload  of  peaches,  at  New  York,  1924  cind 

1925  ' 


1924 

1925 

Date 

1924 

1925 

Date 

Supply 

Un- 
loads 

Supply 

Un- 
loads 

Supply 

Un- 
loads 

Supply 

Un- 
loads 

July  1 

Cars 

Cars 

Cars 
78 
79 

110 

128 
72 

123 
76 

123 
95 

159 
78 
64 
96 
85 
85 

Cars 
lb 
79 

110 

128 
72 

123 
76 

123 
95 

159 
76 
44 
96 
85 
85 

Julv  30 

Cars 
54 
91 
118 

84 

Cars 
53 
90 
117 

82 

Cars 
128 
90 
43 

Cars 
128 

July  2 

July  31 

90 

July  3 

Aug.  1 

Aug.  2 

43 

July  6 

July  7 

Aug.  3 

105 
68 
89 

112 
91 
50 

103 

Julv  8 

Aug.  4 

129 

87 
90 
98 
84 

77 

125 

87 
90 

98 
84 

77 

68 

July  9     - 

Aug.  5  . 

58 

July  10 

1 

Aug.  6 

Aug.  7. 

Aug.  8 

112 

July  11 

91 

July  13 

50 

July  14 

Aug.  9    

July  15 

103 
189 
170 
204 
162 

73 

147 
111 
176 
135 

Aug.  10 

75 
94 
73 
89 
89 
46 

44 

July  16 

Aug.  11 1        141 

Aug.  12             .              lb 

141 
74 
61 
82 

102 
52 

89 

July  17 

60 

July  18 

Aug.  13 

61 

67 

July  19 

Aug.  14.     

82 
102 
53 

80 

July  20.   . 

102 
87 
101 
111 
142 
107 

102 
78 

101 
83 

116 

107 

Aug.  15 

46 

July  21 

265 
106 
80 
86 
84 
90 

250 
105 
76 
86 
84 
86 

Aug.  16 

July  22. 

Aug.  17 

84 
59 
48 
38 
16 
9 

84 

July  23 

Aug.  18.. 

Aug.  19      . 

82 
63 
46 
57 
62 
44 

82 
59 
43 
57 
62 
44 

59 

July  24 

46 

July  25 

Aug.  20 

38 

July  26 

Aug.  21 

16 

July  27.-. 

131 
89 
99 

130 
88 
99 

Aug.  22 

9 

July  28 

100 
66 

99 
64 

Aug.  23 

Julv  29 

1  Supply  and  unloads  are  given  in  this  table  for  the  period,  in  each  year,  from  the  first  to  the  last  day  on 
which  they  differ  from  daily  arrivals.  See  the  explanation  of  the  data,  p.  30,  for  definition  of  daily  arrivals, 
supply,  and  unloads. 
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Table   30. — Daily   unloads  of  peaches  from  Southern  States,   at  New   York,   by 

variety,   1924  crnd  1925  ^ 


Date 

May- 
flower 

Uneeda 

Red 
Bird 

Dixie 
Queen 

Early 
Rose 

Car- 
man 

Hiley 

Arp 

Belle 

El- 
berta 

J.  H. 
Hale 

1924 
June  5 

Cars 
2.0 

Cars 

Cars 

Cars 

Cars 

Cars 

Cars 

Cars 

Cars 

Cars 

Cars 

June  10 

8.0 

5.7 

8.0 

5.0 

49.0 

63.4 

32.6 

23.4 

20.9 

24.6 

24.4 

26.5 

23.5 

4.7 

June  11 

8.3 

June  12 

„..„.., 



June  13 

14.0 

June  u 

.. 

June  16  .- 

8.6 
4.5 

1 

June  17 

4.4 

ai 

6.2 

"""5.'5" 

4.2 

.4 

.6 

0.5 
1.5 

.     ! 

June  18 

June  19    . 

8.9 
2.9 
3.9 

June  20 

.5 
1.0 
.1 

""2.'9' 

June  21..-, 

8.6 
---- 

15.8 
2.0 
6.0 

10.7 

10.7 
3.1 
4.4 
4.3 

12.3 
1.1 
4.7 
5.7 
4.0 

""I'V 

4.6 
17.3 

June  23 

June  24  ... 

June  25  . . 

June  26 

June  27...  . 

7.0 

June  28  .. 

2.3 

June  30 

10.3 
5.6 



July  1 

5.3 
11.2 

-■'-\:z 

July  2  . . 



Julys 

2.7 
10.7 
4.8 
6.5 

July  5 

13.0 
35.2 
34.3 
14.2 
18.3 
20.6 
40.0 
28.4 
12.4 
6.5 
7.2 

'"i6."9" 

11.5 

35.2 

42.6 

41.4 

55.3 

116.8 

52.7 

127.0 

86.6 

140.5 

62.4 

129.5 

55.8 

22.7 

22.5 

11.1 

6.2 

3.1 

.6 

3.1 

July  7 

July  8 

July  9 

July  10 

July  11... 

July  12 

.2 

3.2 

1.6 

2.2 

7.9 

13.5 

17.2^ 

33.4 

50.2 

80.6 

31.0 

27.7 

7.5 

9.7 

9.8 

4.6 

1.2 

2.8 

5.8 

7.7 

6.0 

4.5 

3.9 

13.7 

17.5 

17.9 

2.2 

13.1 

12.2 

9.1 

4.3 

14.0 

5.0 

8.2 

1.2 

3.3 

July  14...  . 

July  15 

July  16 

0.3 

July  17 

July  18 

1.9 
14.6 
33.7 
16.2 
25.6 
55.0 
61.0 
69.8 
83.4 
57.2 
41.1 
76.1 

102.5 
62.9 
95.9 
74.2 
70.0 
68.1 
55.3 
45.6 

107.9 
37.1 
31.4 
43.0 
55.2 
25.0 
26.2 
16.2 
5.8 
18.9 
19.9 

July  19 

7.8 
4.2 

July  21 

July  22 

July  23 

July  24 

July  25 

0.2 

July  26 

.2 

July  28 

July  29 

.-:.::.::::::: 

July  30 

1          ^.„ 

July  31 

Aug.  1 



2.8 

Aug.  2 

2.1 

Aug.  4 

6.4 
1.8 

1  6 

Aug.  5 

i 

Aug.  6 

1 

Aug.  7. 

1 

3.4 

Aug.  8 

. 

3.3 

2  5 

Aug.  9 



2.1 

Aug.  11 



Aug.  12 

13  7 

Aug.  13 

8.6 

Aug.  14 

1 

11  8 

Aug.  15 

\ 

4  8 

Aug.  16 

1 

3  0 

Aug.  18 

13  7 

Aug.  19 

4  6 

Aug.  20 

6.9 

Aug.  21 

1 

11.1 
14.2 

Aug.  22 

4.9 

1 

»  Southern  States  include  Georgia,  South  Carolina,  North  Carolina,  Virginia,  Maryland,  and  Delaware. 
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Table  30. 


■Daily  unloads  of  peaches  from  Southern  States,  at  New  York,  by 
variety,  1924  and  1925 — Continued 


Date 

May- 
flower 

Uneeda 

Red 
Bird 

Early 
Rose 

Greens- 
boro 

Car- 
man 

Dixie 
Queen 

Arp 

Hiley 

BeUe 

El- 
berta 

J.  H. 
Hale 

1925 

May  18 

Cars 
1.0 
2.0 
2.0 
6.0 

Cars 

Cvrs 

Cars 

Cars 

Cars 

Cars 

Cars 

Cars 

Cars 

Cars 

Cars 

May  19 

May  20 

May  22 

May  23 

5.9 

0.1 

May  25 

9.0 
.5 
1.6 

May  26 

1.5 

""I'.O 
31.8 
11.1 
22.5 
15.1 
24.8 
27.3 
16.1 
4.9 
7.5 

May  27 

.4 
2.0 
4.4 
1.1 
2.0 

May  29 

June  1 

3.8 



June  2 

0.8 
2.4 

0.2 
3.0 

June  3 

i.7 

.5 

0.2 
.3 

.8 

0.1 

June  4 

Junes _ 

"'2.'8' 
2.5 

7.4 

7.3 
16.4 

8.4 
16.6 

6.3 
13.1 
28.8 
33.0 
14.9 

6.8 

.5 

11.4 

10.7 

4.9 

2.5 

.'i' 

June  6 - 

0.6 
.1 

7.5 
.3 

" 

Junes 

June  9- 

5.9 
1.0 

0.3 

.7 
.7 
.3 

June  10 

June  11 

June  12 

.7 

1.8 
.1 

1.3 
.2 

1.2 

.4 

....... 

.'3' 

.4 

""i."o" 

9.0 
3.7 
17.2 
11.3 
15.9 
11.6 
15.4 
27.7 
45.1 
20.9 
9.5 
18.3 
9.2 
5.7 
6.2 
16.1 

June  13 

June  15 

3.3 

2.2 
.4 

,1 

June  16 

June  17 

.3 

.5 

1.2 

9.4 

32.7 

44.8 

38.0 

30.4 

52.2 

68.3 

88.6 

48.6 

70.4 

56.5 

91.2 

80.8 

34.4 

38.6 

33.7 

45.9 

23.1 

17.8 

3.0 

1.9 

7.4 

1.0 

2.7 

.5 

2 

June  18 

.1 

June  19 

June  20 

.2 

.3 

3.2 

4.7 
2.6 

June  22 

June  23 

June  24 

0.4 

June  25...   . 

2.5 

2.5 

2.4 

2.7 

June  26 

June  27  .   .  - 

June  29 

5.6 

1.5 
3.8 
4.6 
18.6 
12.3 
34.7 
30.3 
59.2 
23.0 
36.2 
29.6 
41.8 
27.9 
9.0 
13.3 
10.5 
6.6 
11.9 
4  ^ 

June  30 

.5 

July  1 

July  2 

4.0 
6.4 

4.5 

July  3 

.1 
8.1 
7.3 
23.7 
16.7 
41.0 
42.3 
88.9 
42.5 
30.8 
72.4 
69.3 
72.5 
86.6 
70.5 
78.9 
73.2 
70.6 
89.9 
93.5 
64,5 
74.2 
76.1 
48.9 
30.1 
81.4 
49.0 
40.0 
90.2 
63.0 
30.6 
28.8 
67.0 
39.3 
53.0 
66.1 
25.8 
56.0 
45.0 
30.0 
21.0 
1.0 
4.0 

July  6... 

July  7 

Julys 

1.5 
2.7 

July  9 

July  10 

July  11 

July  13 

10.5 

.7 
.4 

July  14.  .  . 

July  15 

July  16 

July  17...... 

2.2 
1.2 

July  IS 

July  20 

July  21 

July  22 

.7        17-8 

July  23 

7.5 
22.5 
14.0 
33.4 
15.0 
14.3 
36.0 
18.7 
4.9 
4i3 
1.9 
2.7 
3.9 
5.8 
7.6 
2.0 
11.0 
2.0 

0  3 

July  24 



1.0 

July  25 

: 

1 

July  27 

July2S 

.1 

4 

July  29 

3  6 

July  30 

July  31 

1  4 

Aug.  1 

Aug.  3- 

1  3 

Aug.  4 

2  1 

Aug.  5 

4  3 

Aug.  6 

■^ 

16  8 

Aug.  7 

12.2 

Aug.  8 

5  8 

Aug.  10 

4.2 

Aug.  11 

Aug.  12 

8.8 

Aug.  13 

Aug.  14 

.9 

Aug.  15 

Aug.  17. 

10.0 

Aug.  18 

Aug.  19. . 

Aug.  20 

Aug.  21 

Aug.  22. 

• 
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Table  31. — Unloads  at  New  York  of  peaches  from  Southern  States,  by  variety, 
in  percentage  of  total  unloads,  1924  ond  1926 


Variety 

Proportion 

Variety 

Proportion 

1924 

1925 

1924 

1925 

Mayflower 

Per  cent 
1.3 

8.1 

.7 

3.0 

7.0 

26.7 

Per  cent 
0.8 
3.8 
.4 
4.3 
6.4 
20.4 

Belle. -- 

Per  cent 

11.5 

37.7 

2.7 

1.3 

Per  cent 
13.6 

Elberta 

47.8 

Red  Bird           .  .  

J.  H.  Hale 

1.6 

Earlv  Rose 

All  other.... 

.9 

Total 

Hiley            

100.0 

100.0 

Table  32. — Daily  unloads  at  New  York,  of  peaches  from  Southern  States,  by  size, 
during  the  Elberta  season,  1924 


Date 


July  19. 
July  21. 
July  22. 
July  23. 
July  24. 
July  25. 
July  26. 
July  28. 
July  29. 
July  30. 
July  31- 
Aug.  1. 


Aug. 
Aug. 
Aug. 
Aug. 
Aug. 
Aug. 
Aug. 
Aug.  11. 
Aug.  12. 
Aug.  13- 
Aug.  14. 
Aug.  15. 
Aug.  16. 
Aug.  18. 
Aug.  19. 
Aug.  20. 
Aug.  21. 
Aug.  22. 


Size 
2by  1 
by  6 


Cars 

9.1 
22.6 
10.5 

9.5 
25.1 
14.7 
21.0 
26.3 
14.1 

9.7 
29.6 
31.7 
13.0 
23.6 
17.2 
28.4 
30.5 
32.7 
23.1 
51.1 
28.8 
22.1 
27.6 
27.0 

8.8 
23.2 
14.1 
11.1 
20.6 
24.1 


Size 
2  by  2 
by  6 


Cars 
73.6 

158.0 
68.8 
51.2 
51.9 
62.2 


55.4 
61.6 
42.5 
34.7 
45.4 
72.6 
43.6 
73.0 
51.8 
50.1 
37.4 
34.9 
24.3 
44.0 
15.9 
12.2 
19.4 
2L7 
13.7 
14.8 
6.7 
3.4 
8.1 
8.2 


Smaller 
sizes 


Cars 

52.3 

67.4 

23.7 

15.3 

8.0 

5.1 

9.6 

3.1 

2.4 

3.6 

7.0 

8.7 

14.4 

12.4 

11.0 

5.5 

11.1 

11.4 

2.6 

25.9 

18.3 

14.7 

12.0 

25.3 

10.5 

10.0 

1.2 

1.5 

1.1 

6.7 


Total 


Cars 
135 
248 
103 

76 

85 

82 

86 

91 

59 

48 

82 
113 

71 
109 

80 

84 

79 

79 

50 
121 

63 

49 

59 

74 

33 

48 

22 

16 

29.8 

39 


Date 


July  19. 
July  21. 
July  22. 
July  23. 
July  24. 
July  25. 
July  26. 
July  28. 
July  29. 
July  30. 
July  31. 
Aug.  1. 
Aug.  2.. 
Aug.  4.. 
Aug.  5-. 
Aug.  6.. 
Aug.  7-. 
Aug.  8.. 
Aug.  9-. 
Aug.  11. 
Aug.  12. 
Aug.  13. 
Aug.  14. 
Aug.  15. 
Aug.  16. 
Aug.  18. 
Aug.  19. 
Aug.  20. 
Aug.  21. 
Aug.  22. 


Size 
2by  1 

Size 
2  by  2 

Smaller 

by  6 

by  6 

Per  cent 

Per  cent 

Per  cent 

6.8 

54.5 

38.7 

9.1 

63.7 

27.2 

10.2 

66.8 

23.0 

12.5 

67.4 

20.1 

29.5 

61.1 

9.4 

17.9 

75.9 

6.2 

24.4 

64.4 

11.2 

28.9 

67.7 

3.4 

23.9 

72.0 

4.1 

20.2 

72.3 

7.5 

36.1 

55.4 

8.5 

28.1 

64.2 

7.7 

18.3 

6L4 

20.3 

2L6 

67.0 

11.4 

21.5 

64.7 

13.8 

33.8 

59.6 

6.6 

38.6 

47.3 

14.1 

41.4 

44.2 

14.4 

46.2 

48.6 

5.2 

42.2 

36.4 

21.4 

45.7 

25.2 

29.1 

45.1 

24.9 

30.0 

46.8 

32.9 

20.3 

36.5 

29.3 

34.2 

26.7 

41.5 

31.8 

48.4 

30.8 

20.8 

64.1 

30.5 

5.4 

69.4 

21.2 

9.4 

69.1 

27.2 

3.7 

6L8 

2L0 

17.2 

Total 


Per  cent 
100.0 
100.0 
100.0 
100.0 
100.0 
100.0 
100.0 
100.0 
100.0 
100.0 
100.0 
100.0 
100.0 
100.0 
100.0 
100.0 
100.0 
100.0 
100.0 
100.0 
100.0 
100.0 
100.0 
100.0 
100.0 
100.0 
100.0 
100.0 
100.0 
100.0 


Table  33. — Daily  average  returns  per  crate  to  shippers  from  peaches  sold  at  whole- 
sale  at  New  York,  by  variety  and  size,  1924  and  1925 


Uneeda 

Red  Bird 

Date 

2by  1 
by  6 
size 

2  by  2 

2  by  2 
by  7 
size 

2  by  2 
by  8 
size 

2  by  3 
by  6 
size 

3  by  3 
by  6 
size 

2byl 
by  6 
size 

2  by  2 

"11 

2  by  3 
by  6 
size 

1924 
June  14 

Dollars 
2.06 
1.39 

Dollars 
1.70 

.95 
1.06 
LOO 

.66 
L16 

.54 

.65 

Dollars 
0.88 

Dollars 
0.88 

Dollars 
L24 
.89 
.74 
.70 
.69 
.55 
.54 
.77 
.54 

Dollars 
0.76 
.42 
.44 
.35 
.38 
.25 
.31 
.48 
.54 

Dollars 

Dollars 

Dollars 

June  16 

June  17 

.44 
"".'34' 

.44 

.28 
.19 

June  18.. 

June  19... 

June  20 

June  21 

2.98 
2.95 

2.05 
2.38 

1  59 

June  23  ...  . 

.31 

.42 

1  34 

June  24 

June  25 

3.19 
.98 
1.54 

1.81 

.64 

2.01 

3.77 

1  58 

June  26 

June  30 

July  2 

58 
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Table  33. — Daily  average  returns  -per  crate  to  shippers  from  peaches  sold  at  whole- 
sale at  New  York,  hy  variety  and  size,  1924  and  1925 — Continued 


Dixie  Queen 

Carman 

Date 

2by  1 
by  6 
size 

2  by  2 
by  6 
size 

2  by  3 
by  6 
size 

3  by  3 

2by  1 
bye 
size 

2  by  2 
by  6 
size 

2  by  3 

by  6 
size 

3  by  3 

1924 
June  17                                   

Dollars 

Dollars 

Dollars 

Dollars 

Dollars 

Dollars 

Dollars 

0.58 

.80 

Dollars 
0  38 

June  20  -.. 

June  21     .    .         -  

2.03 

0.37 

0.19 
.88 
.48 

0.31 

"".'43' 
.65 
1.10 
1.55 
2.34 
1.95 

June  23 

1.14 

1.14 

.68 

June  24     . -  ..- 

.83 

June  25  _      .      

June  26     .- 

1.56 

1.33 
1.55 

"'2.' 53' 

2.29 

2.06 

1.60 

June  28                

2.95 
2.99 

July  1 

3.91 

3.45 
2.53 
2.12 
1.56 
.72 
.70 
.56 

"'i'oe' 

1.74 
.99 
.55 
.47 
.56 

2.53 

July  5         

1  68 

July  7                                .... 

1.10 
1.10 

.87 
.87 

2.27 
""i."64" 

1  36 

Julys    --- 

.87 

July  10       -- -  - 

July  12 

July  14    - 

.64 

Early  Rose 

Hiley 

Date 

2by  1 
by  6 
size 

2  by  2 
by  6 
size 

2  by  3 
by  6 
size 

2  by  3 
by  7 
size 

3  by  3 
by  6 
size 

2by  1 
by  6 
size 

2  by  2 
by  6 
size 

2  by  3 
by  6 
size 

3  by  3 
by  6 
size 

1924 
June  21 

Dollars 
2.98 
2.81 

Dollars 
2.52 
2.19 

Dollars 

Dollars 

Dollars 

Dollars 
0.46 

Dollars 
0.23 

Dollars 
0.23 

Dollars 

June  23                            

0.94 
.42 
1.49 
1.41 
2.40 
2.71 

0.31 
"".'65' 

6.42 
.42 

June  24 

June  25                  

3.03 

2.25 

3.90 

.98 

2.66 
1.44 
3.47 
1.90 

1.10 

June  27 

June  28 

""2.' 02' 

2.03 

June  30 

July  1 

1.86 

July  2                               

1.15 

2.23 

.46 

July  4 

.93 
3.01 
2.29 
1.73 
1.87 
2.04 
1.19 
.95 
.79 
.58 
.43 
.48 
.21 
.16 
.46 
.40 
1.18 
1.17 
.62 
1.37 
1.58 

July7      - 

.60 

.60 

2.08 
1.90 
1.40 
1.07 
1.24 
.77 
.73 
.47 
.43 
.30 
.23 
.18 
.13 
.26 
.35 
.71 
.73 
.75 

1.84 

Julys 

.. 

JulyQ 

1.31 

.85 

.16 

July  10              

.95 

July  11 

.90 

July  12 

t 

.70 

July  14              -- 

' r "" 

1.16 

.30 

July  15 

July  16--     

1.58 

.29 

July  17                           

July  18 

.92 

.11 

July  19      



July  21 

.95 
.64 

July  22 

July23           

July  24 

1.88 
1.40 
.73 
1.71 
1.92 

July  26 

.  • 

July  28                   

July  29 

July  30 

.90 
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Table  33. — Daily  average  returns  per  crate  to  shippers  from  peaches  sold  at  whole- 
sale at  New  York,  by  variety  and  size,  1924  and  1925 — Continued 


Belle 

Elberta 

Date 

2by  1 

2  by  2 
by  6 

size 

2  by  3 

2byl 
by  6 
size 

2  by  2 
by  6 
size 

2  by  3 

1924 
July  17 

Dollars 
1.55 

Dollars 
0.87 
.44 
.41 
.18 
.31 
.51 
.46 

Dollars 

Dollars 

Dollars 

Dollars 

July  18              

0.35 
.24 
.10 
.23 
.44 
.46 
.34 

July  19 

July  21 

.44 
.70 
.86 

0.85 

0.16 

July  22 

July  23 

1.22 
.92 
1.10 
.78 
.93 
1.15 
1.61 
1.25 

.76 
.88 
.90 
.68 
.79 
1.04 
1.48 
1.11 

0.48 

July  24 

.46 

July  25                                                

.64 

July  26 

.56 
1.03 
.90 

.55 

.53 

July  28 

.69 

July  29 

.90 
1.11 

.79 

July  30 

1.24 

July  31  - 

.97 

1 

Hiley 

Elberta 

Belle 

Date 

2by  1 

2  by  2 
by  6 
size 

2  by  3 
by  6 
size 

3  by  3 
by  6 
size 

2by  1 

2  by  2 

2  by  3 
by  6 
size 

2by  1 
by  6 
size 

2  by  2 
by  6 
size 

2  by  3 
by  6 
size 

1924 
Aug.  1 

DoUars 

Dollars 

Dollars 

Dollars 

Dollars 
1.10 
1.03 
1.13 
1.15 
1.17 
1.26 
1.24 
1.59 
1.49 
2.04 
1.76 
1.98 
1.97 
2.37 
2.37 
2.89 
2.97 
2.61 
2.41 
2.35 
2.54 
1.57 
1.01 
1.01 
1.21 
1.23 
1.07 
1.23 

DoUars 
0.97 
.87 
1.03 
1.05 
1.19 
1.05 
1.03 
1.44 
1.24 
1.81 
1.76 
1.87 
1.78 
2.14 
2.26 
2.43 
2.50 
2.38 
2.04 
2.12 
2.08 
1.34 
1.01 

Dollars 

0.74 

.64 

.80 

.79 

.76 

.64 

.81 

1.17 

.99 

1.57 

1.56 

1.64 

1.45 

1.67 

1.67 

1.84 

2.04 

1.86 

1.83 

1.54 

.84 

1.61 

Dollars 
1.26 
1.44 

Dollars 
0.97 
1.46 

Dollars 
0.74 

Aug.  2... 

.86 

Aug.  4 

1.40 
1.58 

1.36 
1.35 

0.89 
.89 

.98 

Aug.  5 

1.17 
1.5^ 
1.14 
1.59 
1.82 
2.14 
1.91 
2.03 
1.50 
1.65 
2.37 
2.25 
2.13 

.87 
1.19 
2.01 
1.34 
1.54 
1.91 
1.77 
1.80 
1.38 
1.33 
1.91 
2.02 
1.90 

.85 

Aug.  6 

.96 

Aug.  7 

.79 

Aug.  8.. 

1.03 

.91 

.68 

.97 

Aug.  9-.- 

1.23 

Aug.  11... 

1.14 

.68 

1.44 

Aug.  12 

1.42 

Aug.  13... 

1.56 

Aug.  14 

1.27 

Aug.  15... 

1.42 

Aug.  16 

1.44 

Aug.  18... 

1.43 

Aug.  19 

1.20 

Aug.  20 

Aug.  21... 

2.37 
2.06 

2.38 
1.61 

1.68 

Aug.  22 

1.27 

Aug.  23 

Aug.  26 

Sept.  3 

Sept.  8. 

Sept.  9 

Sept.  10- 

Sept.  11 

Sept.  12 

Sept.  13. 

1.01 

Uneeda 

Date 

2by  1 
by  6 
size 

2  by  2 
by  6 
size 

2  by  2 

2  by  2 

by  8 
size 

2  by  3 
by  6 
size 

2  by  3 
by  7 
size 

2  by  3 
by  8 
size 

3  by  3 
by  6 
size 

3  by  3 
by  7 
size 

1925 
May  25... 

DoUars 

DoUars 

Dollars 

DoUars 

Dollars 

DoUars 

Dollars 

DoUars 

Dollars 

May  29 

3.33 
1.50 
2.47 
2.46 

2.88 

•2.65 
1.39 
2.23 
1.64 
1.90 
1.62 
1.56 
1.51 

•2.45 
2.05 

2.73 
1.36 
1.82 
1.42 
1.60 
1.41 
1.31 
1.51 
1.99 

June  1 

1.42 

June  2.  . 

June  3 

i.3i 

1.50 
1.31 

"""i."05' 

June  4 

1.83 

1.48 

June  5 

2.01 
1.93 

June  6-..  

2.06 

1.14 

1.37 

Junes. 

June  10. . . 

2.47 

1 

June  15 

1 

1.58 

1.68 

1 
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Table  33. — Daily  average  returns  per  crate  to  shippers  from  peaches  sold  at  whole- 
sale at  New  York,  by  variety  and  size,  1924  o,nd  1925 — Continued 


Mayflower 

Red  Bird 

Date 

2  by  3 
by  6 
size 

2  by  3 

by  7 
size 

3  by  3 

by  7 
size 

2by  1 
by  5 
size 

2byl 
by  6 
size 

1 
2  by  2 

2  by  3 
by  6 
size 

May  25 

1925 

Dollars 
2.99 

Dollars 
1.92 

Dollars 
2.05 

Dollars 

Dollars 

Dollars 

Dollars 

May  29 

5.21 
4.56 

4.40 

June  1 

.37 

.37 

June  2 

4.32 

2.93 
3.87 

Junes 

4.33 

2  92 

June  4 

Junes - -- 

June  6 --  - ---  ---  

3.43 

2.73 

2  03 

Junes 

June  10 - 

June  15 

Early  Rose 

Carman 

Date 

2by  1 
by  6 
size 

2  by  2 
by  6 
size 

2  by  3 
by  6 
size 

2  by  3 
by  7 
size 

2  by  3 

3  by  3 
by  6 
size 

2  by  2 
by  6 
size 

2  by  2 
by  6 
size 

2  by  2 
by  7 
size 

2  by  3 
by  6 
size 

2  by  3 
by  7 
size 

3  by  3 
by  6 
size 

1925 
June  2..    

Dolls. 

4.77 

Dolls. 
3.39 

Dolls. 
2.93 

Dolls. 

DoUa. 

Dolls. 
2.01 

Dolls. 

Dolls. 

Dolls. 

Dolls. 

Dolls. 

Dolls. 

June  4       

2.99 

2.06 

June  6 

3.50 
4.80 

4.82 

3.41 
3.27 
3.88 
4.80 
4.34 
3.12 

2.44 
1.95 
3.01 
3.88 
3.42 
2.04 

2.10 
2.05 
2.71 
3.42 
2.96 
2.14 
1.55 

June  8     

June  10 

3.85 
3.29 

June  12- 

3.03 

2.65 

June  13     

4.34 

June  15 

"V.ll' 

1.99 

2.58 
2.58 
2.82 
2.89 
3.45 
2.51 
1.84 
1.50 
1.49 
1.10 
1.13 

2.42 
2.41 
2.50 
2.74 
3.29 
2.60 
1.45 
1.31 
1.20 
1.04 
.89 

2.18 
2.24 
2.39 
2.44 
2.98 
2.39 
1.62 
1.19 
.98 
.79 
1.13 
.66 

2.00 

2.23 

2.03 

2.14 

2.52 

1.57 

1.51 

.88 

.88 

.40 

.65 

.43 

June  16 -- 

2.92 
2.19 
2.25 

2.01 

June  17 



2.06 

June  18 --- 

2.89 

1.99 

June  19 

2.52 

June  20 

2.04 

June  22 .- 



1.60 

June  23 

June  24. - 

.88 
.43 

.57 

June  26 

1.13 

June  27       

.32 

June  29 

June  30 

1 

Hiley 

Date 

2by  1 
by  6 
size 

2  by  2 
by  6 
size 

2  by  2 
by  7 
size 

2  by  2 

by  8 
size 

2  by  3 
by  6 
size 

2  by  3 
by  7 
size 

2  by  3 

by  8 
size 

3  by  3 

bye 
size 

1925 
June  20          - - 

Dollars 

Dollars 

Dollars 
2.90 
2.09 
1.38 
1.32 
1.29 
1.22 
1.23 
.89 
.85 

Dollars 

Dollars 

Dollars 

Dollars 

Dollars 

June  22                                  

3.79 
2.94 
2.93 
2.33 
2.98 
2.49 
2.63 
2.88 

2.17 
1.77 
2.12 
1.70 
1.77 
1.84 
1.34 

""i.'io" 

""."64" 
.82 

2.03 
1.84 
1.58 
1.40 
1.38 
1.15 
.96 
1.09 

1.95 
1.48 
1.30 
1.14 
1.17 
.96 
.82 
.85 

1.57 

""i.'oo' 

1.11 
1.11 
.80 
.61 

1.65 

June  23 - 

1.55 

June  24                                   

1.33 

June  25 

1.09 

June  26 

1.18 

June  27 - - 

June  29    - 

.61 

June  30 
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Table  33. — Daily  average  returns  per  crate  to  shippers  from  peaches  sold  at  whole- 
sale at  New  York,  by  variety  and  size,  19^4  «^c^  ^925 — Continued 


Elberta 

Date 

2byl 
by  5 
size 

2byl 
by  6 
size 

2  by  2 

2  by  2 

2  by  3 
by  6 
size 

2  by  3 
by  7 
size 

3  by  3 

bye 

size 

2by  1 
by  4 
size 

1925 
July  1 

Dollars 

Dollars 

Dollars 

Dollars 

Dollars 

Dollars 

Dollars 

Dollars 

2                                           -  -— 

3 

2.83 
1.85 
1.44 
2.20 
1.76 
1.41 
1.87 
1.50 
1.40 
1.44 
1.76 
1.96 
2.01 
1.41 
1.67 
2.13 
1.92 
1.45 
1.31 
1.61 
2.01 
1.87 
1.82 
1.57 
1.60 
1.45 
1.87 
1.90 
1.84 
1.51 
1.67 
1.88 
1.94 
2.63 
2.30 
2.24 
2.18 

2.38 

6 

6 

1.44 
1.69 
1.62 
1.38 
1.61 
1.36 
1.22 
1.29 
1.48 
1.75 
1.76 
1.30 
1.38 
1.37 
1.63 
1.62 
1.08 
1.32 
1.71 
1.68 
1.64 
1.38 
1.31 
1.30 
1.52 

"'i.'og' 

1.04 
.96 

"""."92" 
1.09 
1.34 
1.33 
1.11 
1.02 
1.06 

1.18 
1.39 
1.07 
.96 
1.03 
.88 
.90 
.97 
1.15 
1.47 
1.59 
1.21 
1.23 
1.30 
1.40 
1.47 
1.00 
1.03 
1.26 
1.31 
1.30 
.94 
.88 
.92 
1.24 
1.45 
1.31 
1.02 
1.10 
1.32 
1.44 
1.81 
1.39 

1.07 

7 

8          . 

0.71 

9 

10 

"""'."64" 

.79 

11                                      .          

13 

i.58 
1.58 
2.01 

14  .       .                  

15„. 

.85 
1.10 

1.12 

16 

17. 

2.52 

18 

20 

1.00 
.80 

21 

22 

23  . 

24 

25.. 

27. 

1.13 

28 

29  . 

1.80 
1,57 
1.43 
1.69 
1.79 
1.82 
1.59 
1.56 

..  . 

1.80 

30 

1.57 

31.. 

1.49 

Auk.  1- 

3.:::::::::::::::::::::::::::::: 

1.79 

4. 

1.81 

6 

1.61 
1.46 
1.57 
1.79 
1.80 
2.55 
2.19 
2.24 
2.18 

6 

7 

8. 

1.71 
1.80 

1.60 

10. 

1.80 

11 

12 

1.15 

2.05 

13 

14 

HUey 

Date 

2byl 
by  6 
size 

2  by  2 

2  by  2 

by  7 
size 

2  by  2 
by  8 
size 

2  by  3 

by  6 
size 

2  by  3 

by  7 
size 

2  by  3 
by  8 
size 

3  by  3 

by  6 
size 

1925 
Julyl.... 

Dollars 
3.41 
3.67 
2.63 
2.84 
2.29 
1.59 
1.58 
1.79 

Dollars 
2.00 
1.47 
1.57 
1.53 
1.77 
1.38 
1.59 

Dollars 
1.18 
1.07 
.66 
1.15 
.97 
.96 

Dollars 

0.84 

.82 

.73 

Dollars 
1.30 
1.13 

.97 
1.17 
1.10 

.98 
1.23 

Dollars 
1.05 
1.01 

.78 
.68 
.85 
.88 
.88 

Dollars 
■""6."  87" 

Dollars 
0.92 

2 

.88 

3  . 

70 

6 

.90 

7.. 

1  57 

8 

.65 

9.. 

10 

15 

1.87 
1.91 
1.61 
1.63 

1.53 
1.67 
1.38 
1.40 

17 

20 

22... 
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Table  33. — Daihj  average  returns  -per  crate  to  shippers  from  peaches  sold  at  whole- 
sale at  New  York,  by  variety  and  size,  1924  o,i^d  1925 — Continued 


Belle 

Dixie  Queen 

Date 

2byl 
bye 
size 

2  by  2 
by  6 
size 

2  by  2 
by? 
size 

2  by  3 
by  6 
size 

2  by  3 

by? 
size 

3  by  3 
by  6 
size 

2  by  2 
by  6 
size 

2  by  3 
by  6 
size 

2  by  3 
by? 

size 

1925 
June  6 

DolkLTS 

Dollars 

DolUiTS 

Dollars 

Dollars 

Dollars 

Dollars 

Dollars 
1.53 

'  '2.'6i 

Dollars 

June  8 

1.51 

1  51 

June  10... 

1.99 

June  15 .      -  

2  00 

June  29 

1.09 

0.97 
1.58 
1.70 
1.56 
1.62 
1.25 
1.38 
1.22 
1.35 
1.17 
1.19 
1.12 
1.39 
1.93 
1.98 
2.14 
2.13 
1.84 
1.78 
1.48 
1.43 
1.55 
1.69 
1.48 
1.27 
.95 
.96 
1.37 
1.18 
1.47 
1.20 
1.13 

"'o."9i" 

1.22 
1.17 
1.07 
1.12 
.96 
.85 

'""i.'02' 
.51 
.86 
1.04 
.85 

0.69 
1.31 
1.03 
1.23 
1.11 
.91 
.84 
.92 
1.06 
.85 
.«5 
.90 
1.22 
1.31 
1.87 
1.67 
1.49 
1.48 
1.31 
1.25 
1.04 
1.23 
1.36 
1.26 
.95 
.61 
.83 
1.12 

0.64 
.97 
.92 
.98 
.80 
.88 
.93 
.7? 
.68 
.67 
.70 
.89 

June  30 

0.82 
.62 
1.11 

.8? 

July  1 

1.97 

July  2 

July  3 

2.82 
2.03 
2.23 
1.38 
1.78 
1.86 
1.53 
1.39 
1.91 
2.49 
2.17 
2.60 
2.59 
2.17 
2.13 
1.85 
2.01 
1.99 
2.14 
1.84 
1.42 
1.04 
1.18 
1.36 
1.41 
1.76 
1.28 
.94 
1.37 
1.63 
2.04 
1.64 

July  6        .         .             

July  7. 

Julys 

.72 

July9 

July  10 

.63 

.74 
.65 
.84 

July  11     -        -             

July  14. 

July  15 

July  16 

July  17 

July  18                 

July  20 

July  22 

July  23 

July  24 

.92 

July  25                

July  27 

1.21 
1.13 

July  28 .- 

July  29 

July  30.. 

.89 

July  31                                 .  - 

Aug.  1 

Aug.  3 

Aug.  4-. 

Aug.  5    . 

i.i2 

.97 

.78 

1.12 

.88 

Aug.  6 

Aug.  7. 

Aug.  8                       .          

Aug   10 

1.40 
1.44 
1.64 

Aug.  11 

1.59 

Aug.  12 

Table  34. — Daily  weighted  average  wholesale  price  of  peaches  from  New  Jersey, 
at  New  York,  by  variety,  July-September,  1924  «^  i925 


Price  per  crate  of— 

Date 

Carman 

Counet 

Hiley 

Cham- 
pion 

Belle 

Elberta 

J.  H. 
Hale 

All  va- 
rieties 

1924 
July  22 

Dollars 

Dollars 

Dollars 

Dollars 

Dollars 

Dollars 

DoUars 

DoUars 
1.10 

July  25    

L25 

July  26 

LOO 

July  29 

L19 

July  30    



L40 

July  31 

1.63 

Aug  1 

L29 

Aug.  2 

Lll 

Aug.  4 

L31 

Aug  5 

1.29 

Aug.  6                                      

1.16 

1.22 

Aug  9 

1.43 

Aug.  11 

1.65 

1.47 

Aug.  13 

1.66 

Aug  14 

1.40 
1.32 

1.62 

Aug  15 

L43 

Aug.  16 

1.44 

Aug  18 

1.2.5 
L47 
1.25 
1.27 
1.14 
L51 

1.43 

Aug  19 

1.93 
2.00 

L56 

Aug.  20 

1.68 

Aug  21 

1.44 

Aug  22 

1.17 
1.40 



1.52 

Aug.  23 

i.oo 

_i 

L36 
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Table  34. — Daily  weighted  average  wholesale  price  of  -peaches  from  New  Jersey, 
at  New  York,  by  variety,  July-September,  1924-  arid  1925 — Continued 


Price  per  crate  of— 

Date 

Carman 

Counet 

Hiley 

Cham- 
pion 

Belle 

Elberta 

J.  H. 
Hale 

All  va- 
rieties 

1924 
Aug.  25_. - 

Dollars 
1.12 
1.24 

Dollars 

Dollars 
1.67 
1.29 
1.76 
1.64 
1.65 
1.38 
1.63 
1.57 

Dollars 
1.50 
1.20 
1.56 
2.02 
1.70 
1.11 
1.13 
.69 
1.91 
1.00 
1.15 

Dollars 
1.75 

Dollars 

Dollars 

Dollars 
1.59 

Aug.  26       

1.25 

Aug.  27 

1.25 
1.64 
1.91 
1.31 
1.44 
1.19 
1.20 
1.40 
1.09 
1.50 
1.30 

.98 
1.74 
1.59 

.75 

1.66 

Aug  28 

3.00 
3.00 
1.90 
2.68 
1.86 
2.38 
1.89 
1.66 
1.83 
2.08 
1.70 
1.36 
1.90 
1.74 
2.75 
2.16 
2.29 

1  71 

Aug.  29     

1.76 

Aug.  30                                                

1  30 

Sept  2 

1  56 

Sept.  3 - 

1.47 

Sept.  4                                           

1.85 

Sept.  5 

1  65 

Sept.  6 

1.61 

Sept.  8 ..- 

1  65 

Sept.  9 

1.91 

Sept.  10 

1.83 
1.71 

1.70 

Sept.  11      

1  77 

Sept.  12 

1.95 

Sept.  13 

1.73 

Sept.  15. -. 

2  32 

Sept.  16 

1  94 

Sept.  17.- 

1.77 

Sept.  18 

1  43 

Sept.  20 

1  75 

Sept.  23 

2.08 

Sept.  24 

1  84 

1925 
July  13 

1  02 

July  14 

1.60 

July  15 

1  27 

July  16 - 

1.46 

July  17 

1  43 

July  18 

1.44 

July  20 

1  59 

July  21 

1.69 

1  69 

July  22 

1. 11 

July  23 

1.54 

1  70 

July  24 

1.61 

1.45 

July  25 

1.61 

1  40 

July  27 

1.26 
1.45 
1.32 
1.18 
.85 
.98 
.96 
1.16 
1.09 

1.46 

July  28- 

1.46 

1  46 

July  29 

1.43 
1.19 
1.07 

1  29 

July  30- 

.99 

1.17 

July  31 

97 

Aug.  1   .        -      . 

1.72 

___•_ 

99 

Aug.  3-   

1.08 
1.13 
1.00 
.75 
.90 

2.15 
2.09 
1.74 

1  10 

Aug.  4 

1.25 

Aug.  5.- 



1.50 

1  12 

Aug.  6.   

84 

Aug.  7 

.95 

"'VaI' 

1.24 

1.75 
1.60 
1.71 

1. 11 

Aug.  8 

1  27 

Aug.  10       ... 

1.96 

2.76 

1  91 

Aug.  11-- 

1.72 

1.25 
1.59 
1.38 

1  71 

Aug.  12-     

1  78 

Aug.  13 

1.74 
1.47 
1.69 
1.96 
1.66 

1.58 
2.00 

2.7i 
2.29 
2.09 
2.44 
2.83 
2.54 
2.39 
2.71 
3.60 
3.16 
3.25 

■"3.06" 
3.50 
4.25 
3.58 
3.12 
3.50 

1  97 

Aug.  14 

1  86 

Aug.  15 

1  90 

Aug.  17.- 

2.07 

2  35 

Aug.  18-. 

2  67 

Aug.  19 

i.79 

2  32 

Aug.  20-- 

2  38 

Aug.  21-. 

1     

2.25 

2  66 

Aug.  22 

3.45 

Aug.  24-. 

3  31 

Aug.  25_- 

3  49 

Aug.  26 

3  07 

Aug.  27-- 

2.75 
2.39 

2  58 

Aug.  28 

3  07 

Aug.  29... ..-. 

2  15 

Sept.  2 

3.00 

3.00 

3  00 

Sent.  3 

Sept.  5 

"""2"64 

Sept.  9 .- 

1  73 

Sept.  11 -._ 

i 

2  91 

Sept.  14.. 

1  46 

Sept.  15 

1 

2  54 

Sept.  16 

3  00 

Sept.  17 

, 

3  71 

Sept.  23 

2  25 

1 

-- 
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Table  35. — Daily  weighted  average  wholesale  price  of  peaches  from  New  Jersey,  at 
New  York,  by  variety,  July-September,  1924 


Price  per  bushel  of— 

Date 

Price  per  bushel  of— 

Date 

Car- 
man 

Hiley 

Cham- 
pion 

Belle 

El- 
berta 

All 
vari- 
eties 

Car- 
man 

Hiley 

Cham- 
pion 

Belle 

El- 
berta 

All 
vari- 
eties 

July  25.. - 

Dolls. 

Dolls. 

Dolls. 

Dolls. 

Dolls. 

Dolls. 
1.25 
1.13 
1.65 
1.34 
1.21 
1.00 
1.14 
1.50 
1.00 
1.75 
1.70 
1.65 

.94 
1.61 
1.23 

.94 
1.10 
1.09 
1.25 
1.15 
1.17 
1.15 

.98 

Aug.  26 

Dolls. 

Dolls. 

Dolls. 

Dolls. 

Dolls. 

Dolls. 

86 

July  28-... 

Aug.  27    -- 

1.83 
1.48 

1  61 

July  30.... 

Aug.  28 

1.50 

1  16 

July  31.... 

Aug.  29 

0.75 

Teo" 

1.99 
1.88 
1.67 
1.52 
.95 
1.77 
2.00 
1.65 
1.64 
1.67 
1.83 
1.90 
1.96 
2.01 
1.99 
1.62 

54 

Aug.  2 

Aug.  30 

1.64 

.50 
.85 

.85 
1.21 
1.04 
1.09 
1.10 

.90 

1  09 

Aug.  4 

Sept.  2 

1  39 

Aug.  5 

Sept.  3 

2.50 

1.15 
1.55 
1  47 

Aug.  6 

Sept.  4 

Aug.  7 

Sept.  5 

Aug.  9 

Sept.  6 

1  10 

Aug.  11 

Sept.  8 

1  06 

Aug.  12    -. 

Sept  9 

1.80 
2.47 
2.00 

"i.'so" 

1.23 
1.50 
1.50 
1.00 
1.00 

1  53 

Aug.  13-... 

Sept.  10 

1  69 

Aug.  14 

1.63 
.91 

.86 



2.00 
1. 50 
1.03 
1.13 

Sept.  11 

1  58 

Aug.  15 

Sept.  12 

1  60 

Aug.  16 

Sept.  13 

1  59 

Aug.  18.... 

Sept.  15—. 

2.25 
1.75 
2.13 
2.08 
2.25 

1  76 

Aug.  19 

Sept.  16 

1  89 

Aug.  20 

Sept.  17 

196 

Aug.  21.  .. 

1.23 

Sept.  18-  - 

2  03 

Aug.  22 

0.96 
.84 
.70 

Sept.  19 

2  02 

Aug.  23    .. 

Sept.  20 

1  62 

Aug.  25 

1.17 

1.25 

Sept.  23 

1  35 

' 

Table  36.- 


-Daily  weighted  average  wholesale  price  per  bushel  of  peaches  from  New 
Jersey  at  New  York,  all  varieties  combined,  1925 


Date 

Average 
price 

Date 

Average 
price 

Date 

Average 
price 

Date 

Average 
price 

July  18 

July  20 

July  21 

July  22 

July  29 : 

July  30 

Dollars 
1.50 
L31 
1.53 
1.25 
1.03 
.88 

July  31 

Aug.  3 

Aug.  4 

Aug.  5 

Aug.  6 

Aug.  7 

Dollars 
0.54 
LOO 
.66 
.90 
.92 
.60 

Aug.  8 

Aug.  10 

Aug.  11 

Aug.  12 

Aug.  13 

Aug.  14 

Dollars 
1.11 
.88 
L36 
1.19 
1.02 
LOO 

Aug.  15 - 

Aug.  25 

Aug.  26 

Aug.  27 

Sept.  2 

Sept.  3 

Dollars 
1.88 
2.25 
2.50 
2.25 
2.50 
2.81 
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HISTORICAL  REVIEW 

The  first  publication  in  regard  to  the  characteristics  of  sleepy  grass, 
Stipa  vaseyi  (earlier  known  as  S.  viridula^  and  8.  viridul<i  var. 
Tohusta)^  was  made  in  1887.  In  that  year  Vasey  (20^  p.  99)^  in 
notes  in  regard  to  collections  made  by  Doctor  Palmer,  said  of  sleepy 
grass : 

Stipa  mridula  Trin.  var. — A  tall,  coarse  grass,  collected  in  Coahuila  in  1879, 
which  is  considered  poisonous  to  cattle,  horses,  and  sheep,  having  a  temporary- 
narcotic  effect  upon  them.  It  is  said  that  only  strange  animals  will  eat  the 
grass,  as  it  is  shunned  by  the  native  animals  which  have  once  experienced  its 
effects. 

In  the  same  year  Hackel  {10,  p.  46),  in  Engler  and  Prantl,  made 
the  following  statement  (as  translated  from  German)  : 

It  is  remarkable  that  the  eating  of  certain  species  of  Stipa  by  live-stock, 
especially  in  the  case  of  horses,  produces  a  narcotic  effect.  This  has  been 
proved  for  8.  inebrians  Hance,  S.  viridula  Trin.  (North  America),  and  a  species 
growing  in  Cashmere,  probably  8.  Hbirica  Lam. 

It  was  Ia  1890  that  Doctor  Vasey  in  a  paper  by  J.  M.  Coulter 
(4,  p.  56)  gave  the  plant  the  name  of  S.  viridvia  var.  rohusta. 
In  1898,  Scribner  (i<^)  gave  it  the  name  now  used,  S.  vaseyi. 

1  Reference  is  made  by  (italic)  numbers  in  parentheses  to  "  Literature  dted,"  p.  18. 
37004°— 29 1  1 
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In  1891  Havard  {13)  published  an  article  giving  a  description  of 
the  symptoms  produced  by  sleepy  grass  as  stated  by  certain  corre- 
spondents. From  his  paper  the  following  quotation  is  made  from  a 
letter  sent  by  J.  E.  Cree : 

The  Sleepy  Grass  invariably  grows  in  the  immediate  proximity  of  water,  and 
w^here  the  ground  is  no  doubt  sub-irrigated.  I  have  never  known  cattle  to 
suffer.  *  *  *  Happening  to  be  with  our  "  round  up  "  this  spring,  we  cami)ed 
at  Three  Bear  Springs.  That  night,  although  our  foreman  took  precautions  to 
guard  against  any  of  our  horses  getting  the  grass,  we  found  in  the  morning  that 
three  or  four  had  succeeded.  Out  of  this  number  it  seemed  as  though  one 
would  succumb  altogether.  He  would  stand  in  one  position  for  hours  at  a  time, 
his  head  swaying  backward  and  forward  as  if  asleep,  and,  if  I  remember  cor- 
rectly, was  trembling*  all  over.  It  appeared  to  very  strangely  affect  his  kidneys, 
as  he  had  an  unceasing  desire  to  pass  urine.  *  *  *  j^  -^vas  fully  seven  days 
before  he  recovered,  and  was  then  weak  and  drawn.  One  of  the  other  horses 
seemed  to  be  all  right  on  the  start,  but  before  long  it  became  evident  he  was 
also  suffering  from  the  effects  of  the  Sleepy  Grass,  and  it  was  only  by  a  free  use 
of  the  spurs  that  he  could  be  made  to  move  along.  His  recovery  was  much 
quicker.  *  *  *  i  may  mention  that  we  have  not  found  a  horse  that  has  once 
suffered  ever  again  to  eat  it.  We  had  a  number  of  "  Bronchos  "  this  year,  and 
while  [they  were]  under  its  influence  one  could  walk  up  and  catch  them. 
Whether  a  sedative  can  be  procured  from  this  gTass  or  not,  I  venture  to  suggest 
that  some  valuable  extract  affecting  the  kidneys  may  be  obtained  from  it. 

The  fact  that  the  grass  has  a  jiarcotic  effect  on  horses  and  cattle 
is  mentioned  by  Yasey,  1892  {21)^  Dewey,  1894  (^),  and  by  Chesnut, 
1898  (^),  without  any  further  details.  Scribner,  1901  {19),  writes 
of  its  effect  on  horses. 

The  first  experimental  work  was  undertaken  by  Gillespie,  1898  {8), 
He  gave  a  description  of  the  plant  and  the  symptoms  produced  by  it, 
and  reported  some  experimental  work  with  effects  on  frogs  and  a 
rabbit. 

Bailey,  1903  (i),  gave  a  graphic  account  of  a  personal  experience 
of  having  his  horses  seriously  affected  by  the  plant. 

Crawford,  1908  (5),  wrote  rather  briefly  of  the  literature  of  poison- 
ing by  Stipa  vcc^eyi  and  other  grasses. 

In  1911  Farwell  (7)  published  a  histological  study  of  the  plant, 
and  in  the  same  year  Lescohier  {15)  published  some  experimental 
work  with  extracts  of  the  plant,  from  which  he  drew  the  following 
conclusions : 

(1)  Sleepy  grass  has  undoubtedly  some  hypnotic  properties  but,  according  to 
our  obsei-vation,  no  anaesthetic  effects. 

(2)  It  Ife  a  profound  respiratory  depressant, 

(3)  It  accelerates  the  heart  rate  and  is  a  decided  cardiac  depressant.  We 
have  conducted  no  experiments  to  detei*mine  the  manner  in  which  this  depres- 
sant action  on  the  heart  and  respiration  is  brought  about.  We  have  noted,  how- 
ever, that  dogs  in  which  artificial  respiration  was  instituted  tolerated  doses 
which  would  prove  speedily  fatal  to  dogs  where  natural  respiration  was  not 
so  replaced,  indicating  that  the  drug  probably  acts  upon  the  respiratory  center. 

Pammel  in  1911  {16)  quoted  the  preceding  authors,  adding  nothing; 
new. 

Wooton  and  Standley  in  1912  {22)  discussed  the  appearance  of  the 
grass  and  its  distribution  and  quoted  local  people  as  to  its  effects. 
They  stated  that  while  the  grass  occurs  in  the  northern  part  of  New 
Mexico,  near  Las  Vegas,  Taos,  and  Chama,  the  reports  of  its  nar- 
cotic properties  are  confined  to  the  general  region  of  the  Sacramento 
Mountains. 
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Barnes,  1913  (2),  related  a  personal  experience  with  horses  poi- 
soned by  the  plant. 

Johnson  and  Archer,  1922  (li),  gave  a  brief  description  of  the 
plant  and  a  statement  of  its  effect,  derived  from  preceding  authors. 

Sampson,  in  1924  (17,  p.  230),  made  the  following  statements: 

*  *  *  in  some  localities  it  has  the  reputation  of  acting  as  a  narcotic 
on  animals  that  graze  upon  it,  especially  affecting  horses.  Its  sleep-producing 
effect  has  long  been  recorded  by  many  credible  authorities.  Chemical  analyses, 
however,  have  failed  to  discover  any  poisonous  properties.  It  is  reported  to 
affect  horses,  cattle,  and  sheep  alike,  causing  sleepiness  and  interfering  with 
the  power  of  locomotion,  but  seldom  if  ever  causing  death.  It  seems  to  have  no 
poisonous  properties  when  it  is  cut  as  hay. 

Although  many  of  the  reports  concerning  the  narcotic  effect  of  sleepy  grass 
appear  to  be  reliable,  the  results  described  require  confirmatory  experimenta- 
tion. 

The  foregoing  statements  cover  the  publications  in  regard  to  sleepy 
gras3  with  the  exception  of  certain  brief  notices  of  the  general  char- 
acter of  the  plant. 

The  United  States  Department  of  Agriculture  has  had  a  fairly 
extended  correspondence  in  regard  to  the  effect  of  the  plant  upon 
animals,  and  representatives  of  the  department  have  had  interviews 
with  many  stock  people  who  have  had  experience  with  the  plant. 
From  the  literature  and  from  the  data  obtained  from  correspondence 
and  personal  interviews,  it  appeared  that  the  plant  affects  horses 
particularly,  producing  a  distinctly  narcotic  effect.  The  animals 
stand  ordinarily  with  lowered  heads,  sometime3  with  braced  legs, 
in  a  slumber  which  is  more  or  less  profound.  Some  say  that  animals 
when  especially  sick  perspire  very  freely  and  urinate  frequently. 
There  is  a  general  agreement  that  animals  rarely,  if  ever,  die, 
although  their  recovery  may  take  many  days.  Most  authors  have 
stated  that  horses  and  cattle  are  affected,  3ome  say  that  sheep  are 
poisoned,  but  at  least  one  author  stated  that  sheep  are  not  affected 
by  it.  Many  said  that  animals  accustomed  to  the  country  would  not 
eat  the  grass,  and  that  animals  once  made  sick  do  not  take  the  plant 
again.  One  informant  stated  that  cattle  eating  the  plant  die  in  a 
week  or  10  days,  and  this  person  reported  a  loss  of  150  out  of  4,000, 
giving  the  location  where  the  lo^s  occurred. 

LOCALITIES  OF  REPORTED  POISONING 

Although  the  plant  is  found  from  Colorado  south  into  Mexico 
and  from  Texas  west  to  the  San  Francisco  Mountains  of  Arizona, 
the  reported  cases  of  poisoning  in  the  United  States  have  been  in  the 
neighborhood  of  the  Sacramento  and  Sierra  Blanca  Mountains  in 
New  Mexico,  centering  about  Cloudcroft,  in  Otero  County,  and  Fort 
Stanton,  in  Lincoln  County.  Doctor  Palmer,  of  the  Bureau  of  Plant 
Industry,  reported  that  the  plant  was  considered  poisonous  in  Mexico, 
but,  so  far  as  known,  he  left  no  data  of  actual  cases.  It  i3  an 
extremely  interesting  fact  that  the  known  cases  of  poisoning  have 
occurred  within  limited  areas. 

OTHER  POISONOUS  SPECIES  OF  STIPA 

Two  species  of  Stipa,  S.  Kystricma  and  S.  leptostctchyu,  both  grow- 
ing in  northern  Argentina,  have  been  reported  as  poisonous  to  live- 
stock.   S.  Jvi/strieina  is  said  to  contain  hydrocyanic  acid. 
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S.  inehrians  Hance,  growing  in  Mongolia,  was  reported  by  Hance 
in  1876  {11)  as  poisonous.     He  made  the  following  statement: 

I  received  a  short  while  since  from  Dr.  Bretschneider,  physician  to  the  Rus- 
sian Legation  at  Peking,  specimens  of  a  grass  which  had  been  forwarded  to 
the  Count  de  Rochechouart,  the  French  Minister  at  that  capital,  by  a  Roman 
Catholic  missionary  accompanied  by  the  following  note : — "^ "  I  am  sending 
with  this  a  small  package  of  a  plant  which  the  Chinese  call  tsoui  tsao  (in- 
toxicating plant).  The  Mongols  call  the  plant  poisonous.  It  is  found  in 
abundance  in  the  Alachan  Mountains.  We  made  an  excursion  on  the  mountain. 
Our  horses  having  probably  eaten  a  large  quantity  of  the  plant  during  the  night 
could  hardly  stand  upright  in  the  morning.  A  Mongol  family  camped  in  the 
place  advised  us  to  give  vinegar  as  an  antidote.  As  we  did  not  have  this  we 
gave  sour  milk.  They  told  us  also  that  a  sovereign  remedy  was  a  decoction  of  a 
goat's  head.  We  administered  this  broth  tO'  our  horses  and  they  recovered. 
The  herds  of  horses,  cattle,  sheep,  and  camels  which  graze  in  the  mountains 
do  not  suffer,  either  because  they  do  not  eat  this  plant  or  because  they  are 
accustomed  to  the  poison." 

In  1877  Hance  {12)  wrote  of  S,  sihirica:  "A  plant  growing  abun- 
dantly in  northern  Asia."  He  quoted  from  a  letter  from  Doctor 
Aitchison  the  following : 

1  have  just  been  collecting  some  good  specimens  of  a  grass  that  is  extremely 
common  near  Gulmuz.  It  grows  in  large  tussocks,  and  is  very  poisonous  to 
horses  and  cattle.  The  cattle  are  too  knowing,  and  will  not  eat  it.  Horses 
from  the  plain  do  eat  it  and  die  from  its  effects,  but  if  quickly  treated  recover. 
They  become  comatose,  and  lose  the  power  of  their  limbs.  It  grows  in  the 
Scinde  Valley  also.  Whilst  there  I  heard  of  it  and  the  cure,  viz.,  smoking 
them,  by  making  a  large  fire  and  keeping  the  horse's  head  in  the  smoke.  The 
nose  commences  to  run  first,  and  if  it  does  so  freely,  the  beast  is  safe.  The 
natives  also  say  that  if  a  cow  eats  it  they  give  acid  unripe  apricots,  or  any 
acid  vinegar,  which  aids  the  recovery.  A  large  number"  of  the  horses  this  year 
at  Gulmuz  were  poisoned  by  it,  none  died,  as  all  smoked  their  horses. 

Goeze,  1902  {9)  spoke  of  S.  'Hmhricmo  ^^  as  poisonous,  but  from 
his  description,  it  is  evident  that  he  has  confused  the  effect  of  Stipa 
with  ergotism. 

DESCRIPTION  OF  THE  PLANT  ^ 

/Stipa  vdseyi  is  a  stout,  upright,  perennial  grass  with  narrow,  mostly 
flat  leaves  and  narrow  green  or  tawny  flower  heads  that  are  usually 
somewhat  nodding. 

Culms  erect,  robust,  glabrous,  mostly  1  to  1.5  meters  tall;  sheaths  glabrous, 
villous  at  the  throat  and  on  the  margin,  a  strong  hispidulous  line  across  the 
collar ;  ligule  membranaceous,  sometimes  ciliate,  2  to  4  millimeters  long,  shorter 
on  the  innovations;  blades  flat  or  on  the  innovations  slender  and  involute, 
mostly  glabrous,  scaberulous  on  the  margins  and  toward  the  tip,  as  much  as 
60  centimeters  long  and  8  millimeters  wide;  panicles  narrow,  compact,  pale  or 
greenish,  often  more  or  less  interrupted  below,  as  much  as  30  centimeters  long 
and  2  centimeters  wide,  the  branches  appressed,  several  at  each  node,  some 
short,  some  as  much  as  8  centimeters  long  and  naked  at  base,  bearing  several 
spikelets,  strongly  villous  or  hispid  at  the  lower  nodes;  glumes  about  1  centi- 
meter long,  equal,  acuminate  to  a  fine,  soft  point  but  scarcely  awned,  rather 
firm,  3-nerved  or  the  first  5-nerved,  the  nerves  inconspicuous,  lemma  6  to  8 
millimeters  long,  at  maturity  medium  dark  brown,  the  callus  rather  blunt, 
about  0.5  millimeter  long,  densely  barbed  with  whitish  hairs,  the  body  narrow- 
fusiform  ;  narrowed  above  into  an  obscure  neck,  villous  all  over  with  appressed 
white  hairs,  those  of  the  summit  1.5  to  2  millimeters  long ;  awns  mostly  2  to  3 
centimeters  long,  scabrous,  rather  obscurely  twice-geniculate,  twisted  to  the 
second  bend ;  anthers  tipped  with  a  minute  tuft  of  hairs. 

2  The  note  is  in  French,  a  translation  of  which  follows.  .     ^    „.    ». 

3  This  description  of  the  plant  and  its  distribution  was  prepared  by  A.  S.  Hitchcock, 
Bureau  of  riant  Industry. 
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Figure  1. — Sleepy  grass   (Stipa  vaaeyi),  showing  its  form  and  structure 
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The  species  is  found  on  dry  plains  and  hills  and  in  dry,  open  woods 
from  Colorado  south  through  New  Mexico  and  western  Texas  to 
northern  Mexico,  and  west  to  the  San  Francisco  Mountains  of 
Arizona. 

There  are  several  other  species  of  Stipa  that  resemble  JS.  vaseyi. 
These  species  range  all  over  the  western  part  of  the  United  States. 
S.  vaseyi  differs  from  all  its  close  allies  in  the  more  robust  habit, 
larger  and  more  compact  panicles,  firmer,  less  hyaline  glumes  (the 
nerves  thus  less  conspicuous),  the  acuminate,  less  attenuate-tipped 
glumes,  and  the  longer,  less  turgid  fruit,  with  longer  hairs  on  the 
crown. 


Figure  2. — A  patch  of  growing  sleepy  grass  near  Cloudcroft,  N.  Mex. 

Figure  1  shows  the  structure  of  the  plant  and  Figure  2  its  habit  of 
growth. 

EXPERIMENTAL  WORK 


The  feeding  of  dry  material  of  S.  vaseyi  was  carried  on  at  the 
Salina  Experiment  Station,  near  Salina,  Utah.  The  experiments 
with  green  plant  were  conducted  at  Cloudcroft,  N.  Mex.  Table  1  gives 
a  summary  of  the  results  of  the  experimental  work.  In  this  table 
the  dosage  of  both  total  plant  fed  and  of  daily  quantities  is  given  in 
terms  of  green  plant.  It  was  found  that  the  plant  in  drying  had  lost 
63  per  cent  of  its  weight. 
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TYPICAL  CASE,  HORSE   139,  GIVEN  DRY  PLANT 

Horse  139  was  a  mare,  12  or  more  years  old,  weighing,  at  the 
time  of  the  experiment,  920  pounds.  Although  somewhat  old,  she 
was  in  a  condition  of  good  general  health. 

July  15,  1924,  at  10.30  a.  m.  the  mare  was  given  6  pounds  of  the 
leaves,  stems,  and  fruit  of  jS.  vaseyi  which  had  been  collected  at 
Cloudcroft  in  August,  1922,  equivalent  to  1.76  per  cent  of  the  animal's 
weight  in  green  material.  At  11.15  she  was  given  2  pounds  of  alfalfa 
hay  mixed  with  the  Stipa.    At  4.32  p.  m.  3  pounds  of  the  mixture  of 


FiGUUE  3. — Horse  131),  July  15,  at  6.40  p.  m.,  lying  down  and  sleeping 

hay  and  sleepy  grass  remained  unconsumed.  At  6.40  p.  m.  she  was 
found  fast  asleep,  as  shown  in  Figure  3.  At  7.10  p.  m.  it  was  noted 
that  the  pulse  was  weak.  At  7.20  she  was  lying  down  and  got  up 
slowly  and  stretched  much  as  a  sleepy  person  does  when  aroused.  At 
7.40  p.  m.  she  was  again  lying  down,  with  eyes  closed,  and  sleeping. 
Clinical  observations  were  made  while  the  mare  was  lying  down  with 
her  chin  resting  on  the  ground,  and  she  was  so  sleepy  that  she  did 
not  attempt  to  arise  and  permitted  the  observer  to  sit  upon  her 
without  resistance.  The  animal  could  get  up  at  this  time,  as  was 
proved  by  poking  her  vigorously. 
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July  16,  8.10  a.  m.,  the  mare  was  standing  with  head  hanging  and 
eyes  closed.  When  the  observer  clapped  his  hands  she  roused  up 
and  attempted  to  open  her  eyes.  She  blinked  her  eyes  several  times 
and  then  closed  them  again,  dozing  off.  Her  condition  remained 
much  the  same  during  the  day.  At  5.20  p.  m.  she  appeared  somewhat 
brighter,  but  still  her  head  was  drooping  and  she  occasionally  dozed 
off. 

July  17,  she  seemed  to  have  entirely  recovered  and  was  turned  out 
into  pasture. 

July  19,  the  mare  was  brought  in,  and  another  feeding  was  made 
of  jS.  vaseyi  on  July  20  at  10  a.  m.  She  was  given  at  this  tinie  4 
pounds,  which  was  the  equivalent  of  l.lT  per  cent  of  animal  w^eight 
of  green  plant.  It  is  not  known  hoAV  much  of  this  plant  was  con- 
sumed during  the  day,  but  it  had  been  all  eaten  by  8.45  a.  m.,  July 
21,  and  probably  most  of  it  was  eaten  during  the  day  of  July  20. 
At  3.45  p.  m.,  July  20  the  mare  Avas  drowsy,  hanging  her  head, 
closing  her  ej^es  and  occasionally  opening  them  when  disturbed,  only 
to  close  them  again.  At  4.45  p.  m.  she  Avas  lying  flat  on  her  side  with 
neck  and  head  stretched  out,  fast  asleep,  but  was  awakened  by  dis- 
turbances near  her.  At  5.02  p.  m.  the  mare  was  up  and  eating,  but 
at  5.12  p.  m.  it  w^as  noted  that  her  head  was  drooping  and  nodding, 
and,  while  pulse  observations  were  being  taken  upon  her  jaw,  she 
grew  more  and  more  drowsy. 

July  21,  at  8.45  a.  m.  the  animal  still  drooped  her  head  and  dozed 
off  at  intervals.  At  4.30  p.  m.  she  was  very  much  improved  but 
still  sleepy.^ 

July  22,  at  6.40  a.  m.  she  was  entirely  recovered  and  at  9.15  was 
turned  into  the  pasture. 

July  31,  at  9.53  a.  m.  she  was  fed  again,  receiving  2  pounds  of 
S.  vaseyi^  which  was  the  equivalent  of  0.59  per  cent  of  animal  weight 
of  green  phmt.  At  5.15  p.  m.  all  but  about  one-fourth  of  a  pound 
of  the  S.  vaseyi  had  been  consumed.  At  this  time  she  was  somewhat 
drowsy,  and  remained  in  that  condition  during  the  evening. 

August  1.  At  9.52  a.  m.,  all  the  feed  had  been  consumed  and  she 
had  recovered,  with  the  exception  that  she  w^as  still  slightly  drowsy. 
At  10  a.  m.  she  was  turned  back  into  the  pasture. 

August  5,  a  fourth  feeding  experiment  was  made  with  this  animal. 
At  5.10  p.  m.  she  was  given  5  pounds  of  S.  vaseyi.  This  was  the 
equivalent  of  1.45  per  cent  of  animal  weight  of  green  plant. 

August  6,  at  6.50  a.  m.  she  was  lying  with  her  chin  resting  on 
the  ground.  When  the  pen  was  entered  she  looked  up  but  made 
no  effort  to  get  upon  her  feet,  and  soon  dropped  her  chin  on  the 
ground  again.  At  7.10  she  was  still  lying,  but  with  her  head  raised. 
At  8.10  a.  m.  she  was  very  drowsy.  Figure  4  shows  her  condition 
shortly  after  this  time.  During  the  day  her  symptoms  remained 
without  any  marked  change. 

August  7,  at  7.43  a.  m.,  the  pulse  was  weak;  all  the  feed  had  been 
consumed;  and  the  animal  was  still  sleepy  and  indifferent  to  her 
surroundings.  At  4.39  p.  m.  she  was  greatly  improved.  On  August 
8  she  seemed  to  be  entirely  recovered.  It  may  be  noted  that  in  this 
last  experiment  the  entire  quantity  of  plant  fed  was  consumed  in 
two  days.     It  was  estimated  from  tlie  observations,  however,  that  the 
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first  symptoms  appeared  after  she  had  eaten  1.05  per  cent  of  animal 
weight  of  green  plant. 

Following  the  feeding  of  the  plant  to  horse  139  there  was  in  each 
case  a  distinct  rise  in  temperature,  this  rise  in  two  of  the  experiments 
continuing  for  24  hours  after  the  feeding.  It  should  perhaps  be 
mentioned  that  the  mare  seemed  to  recover  completely  from  each  one 
of  these  feedings  and  that  the  plant  had  no  permanent,  deleterious 
eifect. 

TYPICAL  CASE,  HORSE   153,  GIVEN  GREEN  PLANT 

Horse  153  was  a  sorrel  gelding  in  rather  poor  condition,  received 
from  the  ranch  of  Henry  Tally,  Cloudcroft,  N.  Mex.,  on  the  morn- 
ing of  July  19.  He  weighed  about  700  pounds.  The  animal  had 
not  been  fed  since  the  preceding  night  and  received  no  feed  during  the 
day  of  July  19. 


Figure  4. — Horse  139,  August  6,  at  8.38  a.  m.     Note  drowsy  condition 

July  19,  7.50  p.  m.,  the  horse  was  given  7  pounds  of  S.  vaseyi 
which  had  been  collected  near  Cloudcroft  between  7  and  7.15  p.  m. 
This  was  an  equivalent  of  1  per  cent  of  animal  weight,  and  was  all 
eaten  at  8.50  p.  m. 

July  20,  5.30  a.  m.,  temperature  98.4°  F.,  pulse  28,  respiration  8. 
The  horse  seemed  a  little  depressed  and  slightly  sleepy,  but  the 
symptoms  were  not  pronounced. 

7.30  a.  m.,  the  animal  was  distinctly  sleepy.  He  stood  with  the  eyes 
closed,  showing  little  interest  in  his  surroundings.  He  was  taken 
out  of  the  stall ;  he  moved  only  as  driven  and  was  somewhat  awkward 
in  his  movements  when  walking. 

10.15  a.  m.,  when  led  to  water  he  moved  very  slowly  and  was  uncer- 
tain in  the  use  of  his  feet,  this  uncertainty  being  especially  apparent 
in  the  hind  feet. 
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•  2.55  p.  m.,  temperature  100.6°  F.,  pulse  36,  respiration  8.  At  this 
time,  while  the  eyes  were  still  dull,  he  appeared  less  sleepy  than  in 
the  morning. 

7.20  p.  m.,  temperature  101.4°  F.,  pulse  64,  respiration  12.  At  this 
time  he  appeared  almost  normal  and  was  anxious  to  eat. 

July  21, 7.45  a.  m.,  temperature  97°  F.,  pulse  30,  respiration  8.  The 
horse  was  restored  to  a  normal  condition  this  morning  and  was 
hungry. 

8.10  a.  m.,  he  received  4.9  pounds  of  S.  vaseyi,  which  had  been  col- 
lected on  the  afternoon  of  July  20,  but  had  been  kept  tightly  packed, 
so  that  it  was  fresh  and  green  at  the  time  of  feeding.  At  8.30  a.  m. 
he  was  given  5.1  pounds  and  at  8.45  a.  m.  4  pounds. 

11  a.  m.,  he  had  stopped  eating  and  appeared  sleepy.  He  had 
eaten  about  half  of  the  plant  which  had  been  given  to  him,  making 
a  total  dose  of  1.21  per  cent  of  his  weight. 

11.20  a.  m.,  he  was  asleep,  and  ordinary  noises  would  not  disturb 
him.  A  very  loud  noise  waked  him  a  little,  so  that  he  would  look 
up,  but  he  went  to  sleep  again  immediately. 

2.30  p.  m.,  the  sleepiness  had  somewhat  diminished. 

5.25  p.  m.,  when  led  out  to  water,  he  was  very  dull  and  moved  in 
a  clumsy  and  uncertain  manner,  as  though  weak  in  the  legs. 

5.54  p.  m.,  temperature  98.8°  F.,  pulse  34,  respiration  14.  He  was 
very  stupid,  and  stood  most  of  the  time  with  his  eyes  shut. 

8.40  p.  m.,  he  was  sleeping  with  the  head  held  somewhat  higher 
than  normal. 

July  22,  5.45  a.  m.,  he  was  very  much  brighter  than  the  preceding 
night,  but  still  showed  depression. 

12  noon,  his  eyes  were  still  dull,  and  at  times  he  was  sleepy.  When 
he  stood,  his  feet  were  braced  apart  or  sometimes  crossed,  and  while 
walking  he  dragged  the  hind  feet  and  was  uncertain  and  weak  in 
his  movements. 

1.20  p.  m.,  temperature  99.6°  F. 

5.15  p.  m.,  temperature  101.6°,  pulse  40,  respiration  10.  The  horse 
at  this  time  was  very  much  better,  but  had  not  entirely  recovered. 

July  23,  9  a.  m.,  he  was  much  brighter,  and  moved  much  more 
easily  than  on  the  preceding  day,  and  was  eating  readily. 

4.30  p.  m.,  he  was  still  better  than  in  the  morning,  and  seemed 
about  as  well  as  before  being  fed,  although  he  still  moved  with  a 
little  uncertainty. 

July  24,  10  a.  m.,  the  horse  appeared  normal  and  apparently 
entirely  recovered  from  the  feeding. 

The  noticeable  symptoms  produced  in  this  animal  were  the  sleepi- 
ness, the  apparent  loss  of  complete  control  of  the  limbs,  and  the 
higher  temperature.  It  will  be  noted  that  in  the  first  feeding  the 
temperature  reached  101.4°  F.  and  in  the  second  feeding  101.6°. 

TYPICAL  CASE,  SHEEP   1043 

Sheep  1043  was  a  yearling  ewe  in  good  condition,  received  from 
Dave  Swope,  Cloudcroft,  N.  Mex.,  July  20,  1927,  and  weighed  about 
100  pounds. 

July  21,  6.54  p.  m.,  she  was  given  454  grams,  or  1  per  cent,  of 
animal  weight  of  fresh,  green  S.  vccseyi. 
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July  22,  6.10  a.  m.,  temperature  104°  F.,  pulse  84,  respiration  28. 
The  animal  showed  no  symptoms  of  an  effect  from  the  jS.  vaseyi, 
except  the  higher  temperature. 

6.25  to  6.40  a.  m.,  she  received  85  grams  of  green  S.  vaseyi,  which 
had  been  collected  on  July  20  in  the  afternoon  and  kept  tightly 
packed  in  a  bag  so  that  there  had  been  little,  if  any,  evaporation; 
8.30  to  9  a.  m.,  she  received  150  grams;  10.20  to  10.40  a.  m.,  175 
grams;  11.30  to  12  p.  m.,  145  grams;  1.30  to  2  p.  m.,  205  grams; 
2.20  to  2.40  p.  m.,  200  grams ;  and  3.20  to  3.50  p.  m.,  260  grams. 

The  total  quantity  received  during  the  day  was  3  per  cent  of  the 
animal's  weight.  This  material  was  given  by  balling  gun,  so  that 
all  of  it  was  taken  by  the  animal,  and  most  of  it  was  masticated  more 
or  less  during  the  process  of  administration. 

5.37  p.  m.,  temperature  104.6°  F.,  pulse  84,  respiration  28.  The 
animal  was  depressed  and  very  quiet. 

July  23,  9.50  a.  m.,  temperature  104.8°,  pulse  72,  respiration  24. 
There  was  a  mucous  discharge  from  the  intestines.  The  animal  did 
not  eat  and  was  much  depressed,  gritting  her  teeth. 

11.58  a.  m.,  temperature  104.2°,  pulse  84,  respiration  28. 

4.35  p.  m.,  temperature  105.1°,  pulse  88,  respiration  24.  The  animal 
was  still  depressed,  gritting  her  teeth,  and  there  was  still  a  mucous 
discharge  from  the  intestines. 

July  24,  8.10  a.  m.,  temperature  105.5°,  pulse  88,  respiration  30. 
The  depression  continued,  and  the  animal  had  a  light  diarrhea,  but 
in  general  appeared  somewhat  better  than  on  the  preceding  day  . 

12.50  p.  m.,  temperature  104.3°,  pulse  88,  respiration  20.  The 
general  condition  remained  much  the  same,  but  the  ewe  was  some- 
what brighter. 

3.30  p.  m.,  temperature  104.2°,  pulse  84,  respiration  28. 

5.02  p.  m.,  temperature  103.9°,  pulse  92,  respiration  20.  The  diar- 
rhea still  continued,  but  in  general  the  animal  appeared  very  much 
better. 

July  25,  8  a.  m.,  temperature  103.4°,  pulse  92,  respiration  20.  The 
feces  were  still  soft,  the  animal  was  still  depressed,  and  was  some- 
what weak  in  the  legs.  At  noon  it  was  returned  to  Mr.  Swope.  The 
ewe  had  not  entirely  recovered,  but  was  in  every  way  very  much 
better.  It  was  noticeable  in  this  animal  that  there  was  no  distinct 
sleepiness,  but  there  was  marked  depression,  more  or  less  weakness 
in  the  use  of  the  legs,  and  a  distinctly  higher  temperature  after  the 
feeding  of  the  plant. 

DISCUSSION  AND  RESULTS 

SYMPTOMS 

The  prominent  symptom  in  the  poisoning  by  jS.  vaseyi  is  what 
would  be  expected  from  the  popular  name  of  "  sleepy  grass."  When 
only  slightly  affected  by  the  plant,  the  animal  seems  dejected,  in- 
active, and  pays  little  attention  to  its  surroundings.  When  more 
definitely  affected,  it  will  stand  with  drooping  head  and  closed  eyes. 
A  sudden  noise  will  cause  it  to  raise  its  head  and  open  its  eyes,  but 
almost  immediately  the  eyes  close,  the  head  droops,  and  the  animal 
goes  into  a  more  or  less  unconscious  state.  The  head  may  fall  lower 
and  lower  until  it  almost  touches  the  ground.     It  was  noticed  that 
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when  the  pulse  was  being  observed  the  animal  would  go  to  sleep, 
drooping  its  head  in  the  midst  of  the  observation.  This  position  is 
shown  very  clearly  in  Figures  4  and  5.  If  the  animal  walks  while 
under  the  influence  of  the  plant,  its  movements  may  be  uncertain, 
the  hind  legs  being  most  affected.  It  may  stagger  and  cross  its  legs. 
It  is  not  clear  whether  these  actions  result  from  weakness  or  from 
the  narcotic  effect  of  the  plant.  When  still  more  affected  by  the 
plant,  the  animal  may  lie  on  the  ground  in  the  breast  position  with 
the  head  extended,  in  a  profound  slumber.  This  is  shown  in  the 
case  of  horse  139.  (Fig.  3.)  The  observer  could  sit  on  the  animal 
when  in  this  position  without  its  attempting  to  rise.  When  the  effect 
is  still  more  pronounced,  the  animal  will  lie  flat  upon  its  side  with  the 
head  on  the  ground,  in  a  profound  slumber.  During  this  somnolent 
condition  the  pulse  was  weak  and  inclined  to  be  irregular,  and  the 


Figure  5. 


-Horse   138,   September  11,  at  4.33  p.   m. 
of  head 


Note  characteristic  droo-ping 


respiration,  as  would  be  expected,  was  slow  and  somewhat  irregular. 
In  most  of  the  affected  animals  there  was  a  definite  rise  in  the 
temperature  after  the  administration  of  jS.  vajseyi. 

One  of  the  sheep.  No.  1043,  on  July  22,  exhibited  diarrhea,  but 
as  none  of  the  other  animals  were  affected  in  this  way  it  may  not  have 
been  caused  by  sleepy  grass.  It  should  be  noted  that  while  the 
sheep  showed  a  definite  effect  from  the  plant,  they  did  not  exhibit 
clearly  marked  symptoms  of  sleepiness.  There  were  no  other  pro- 
nounced symptom^.  Recovery  after  poisoning  was  complete;  no 
permanent  effect  was  produced  by  the  plant. 

TOXIC  DOSAGE 

The  only  animals  characteristically  affected  were  the  horses  to 
which  the  plant  collected  at  Cloudcroft  was  given.    In  the  two 
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experiments  with  green  plant  sleepy  grass  was  given  without  other 
feed,  but  hay  was  mixed  with  the  feedings  of  dry  plant.  All  the 
horses  fed  on  the  Cloudcroft  material  were  affected  to  a  greater  or 
less  extent.  The  minimum  effective  dose  was  0.59  per  cent  of  animal 
weight,  in  the  case  of  horse  139  on  July  31,  1924.  This  animal 
showed  only  slight  symptoms  of  drowsiness.  The  largest  quantity 
eaten  in  a  single  day  was  1.76  per  cent  of  animal  weight  by  horse  139 
opt  July  15,  1924.  The  largest  total  quantity  received  by  a  horse 
was  14.03  per  cent  of  animal  weight;  this  was  eaten  by  horse  138 
during  nine  days,  the  average  daily  consumption  being  1.56  per  cent. 
Horse  138,  on  another  occasion,  ate  8.05  per  cent  in  four  days,  a 
daily  average  of  2.01  per  cent.  The  general  results  of  the  experi- 
ments indicate  that  about  1  per  cent  may  be  considered  an  effective 
dose.  While  the  effects  of  the  plant  varied  somewhat  in  accordance 
with  the  size  of  the  dose,  the  difference  was  not  so  marked  as  one 
might  expect.  The  largest  doses  produced  sleepiness  more  or  less 
profound,  but  there  was  no  indication  that  any  quantity  would  be 
likely  to  produce  fatal  results. 

The  Cloudcroft  material  was  given  to  seven  head  of  cattle,  none  of 
them  being  positively  affected,  although  14.57  per  cent  of  animal 
weight  was  fed  to  one  animal,  cattle  990,  the  daily  average  being 
1.82  per  cent.  This  animal,  on  the  last  day  of  the  feeding,  August 
9,  ate  3.15  per  cent  of  its  weight ;  it  was  salivated  on  August  6.  Cattle 
1010  received  12.73  per  cent  of  its  weight  in  seven  days,  the  average 
daily  dosage  being  the  same  as  that  for  No.  990,  and  on  one  day 
received  3.4  per  cent.  The  quantities  received  by  the  cattle  were 
much  greater  than  those  which  produced  effects  on  the  horses,  and 
while  it  is  possible  that  an  extremely  heavy  dosage  might  result 
in  symptoms  in  cattle,  it  appears  that  as  a  stock-poisoning  plant 
sleepy  grass  has  no  importance  so  far  as  this  class  of  animals  is 
concerned. 

In  regard  to  sheep,  as  noted  elsewhere,  none  of  the  animals  had  the 
symptoms  which  are  considered  especially  typical  of  sleepy-grass 
poisoning,  but  some  of  them  were  evidently  affected.  The  smallest 
dose  which  produced  an  effect  was  1.9  per  cent  of  animal  weight  given 
by  balling  gun  in  one  day,  and  the  largest  quantity  given  in  one  day 
was  3.51  per  cent  of  animal  weight,  which  produced  only  a  higher 
temperature.  It  may  be  concluded  that  in  regard  to  sheep  the  plant 
has  only  a  slight  effect.  The  dosage  of  about  3  per  cent  or  more  of 
animal  weight,  which  was  given  in  four  cases,  is  probably  more  than 
an  animal  would  voluntarily  eat  at  one  time. 

TIME  FROM  FEEDING  TO  APPEARANCE  OF  SYMPTOMS 

Inasmuch  as  exact  notes  in  regard  to  the  time  when  the  feeding  of 
/S.  vaseyi  was  completed  were  not  made,  it  is  impossible  from  the 
data  of  the  experiments  to  tell  very  closely  the  time  which  elapsed 
between  the  feeding  and  exhibition  of  symptoms.  It  may  be  noted 
that  horse  153  became  sleepy  within  three  hours  of  the  time  when  he 
commenced  eating  the  plant.  In  general  it  can  be  said  that  the 
symptoms  appeared  in  a  few  hours,  probably  ordinarily  in  from  6  to 
24  hours. 
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DURATION   OF  SICKNESS 

The  experiments  with  horses  139  and  153  give  a  fair  idea  of  the 
length  of  time  during  which  the  sickness  produced  by  /S.  vcoseyi  con- 
tinued. In  Table  2  the  time  is  given  from  the  appearance  of  the  first 
symptom  to  the  one  which  was  last  noted.  It  is  evident  that  the 
time  of  actual  sickness  would  be  somewhat  longer  than  the  time  given 
here. 

Table  2. — Duration  of  sickness  of  horses  139  and  153 


Animal 

Date  of  feed- 
ing 

Dosage  ' 

Duration  of  sickness 

Horse  139 

July    15,1925 
July   20,1924 
July   31, 1924 
Aug.     5, 1924 
July    19,1927 
July   21,1927 

Pounds 
1.76 
1.76 
.59 
1.45 
1 
1.21 

21  hours. 

Do 

Do 

15  hours,  57  minutes. 

Do 

32  hours,  29  minutes. 

Horse  153... 

Do. 

46  hours. 

1  Green  plant  per  100  pounds  of  animal. 

The  average  of  these  figures  is  27  hours  and  42  minutes.  In  other 
words,  put  in  a  general  way,  the  animal  after  each  feeding  showed 
effects  of  the  plant  for  approximately  24  hours. 

While  there  is  no  definite  correlation  between  the  size  of  the  dose 
and  the  duration  of  sickness,  yet  the  smallest  dose,  0.59  per  cent,  pro- 
duced the  shortest  period  of  sickness,  and  in  the  case  of  horse  153  the 
larger  of  the  two  doses  resulted  in  the  longer  sickness ;  in  this  animal, 
however,  the  second  feeding  was  made  only  a  short  time  after  the 
first,  and  there  may  have  been  some  hold-over  effect  from  the  preced- 
ing experiment. 

ANIMALS  AFFECTED  BY  THE  PLANT 

As  stated  earlier  in  the  bulletin,  there  are  many  apparently  reliable 
reports  of  the  poisoning,  not  only  of  horses  but  of  cattle  and  sheep. 
In  the  feeding  experiments  carried  on  at  the  Salina  Experiment  Sta- 
tion, there  were  no  clear-cut  results  from  the  feeding  of  either  cattle 
or  sheep.  Cattle  990  ate  in  eight  days  14.57  per  cent  of  its  weight 
in  green  plant,  and  on  the  last  day  ate  3.15  per  cent.  Cattle  1078 
in  seven  days  ate  11.68  per  cent  of  its  weight  and  on  one  of  the  days 
ate  2.67  per  cent.  These  were  heavy  doses  when  it  is  remembered 
that  a  horse  was  poisoned  on  as  little  as  0.59  per  cent.  All  the  cattle 
on  which  experiments  were  made  ate  the  plant  with  hay  and  were  a 
considerable  time  in  consuming  it.  The  sheep,  on  the  other  hand, 
were  fed  by  balling  gun,  so  that  the  plant  was  given  in  an  extremely 
short  time,  and  a  maximum  of  3.51  per  cent  of  animal  weight  was 
fed  without  producing  any  definite  symptoms.  In  the  1927  experi- 
ments with  sheep  some  effects  were  produced  by  dosages  of  1.9  and 
3  per  cent,  but  these  effects  did  not  include  the  typical  drowsiness 
of  sleepy  grass.  The  dosages  for  sheep  were  very  large,  and  it  would 
seem  that  S.  vaseyi  has  no  practical  importance  as  a  sheep-poisoning 
plant.  While  the  results  in  regard  to  cattle  are  not  so  definite,  be- 
cause of  the  manner  of  feeding,  so  far  as  these  experiments  go  it 
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would  seem  probable  that  cattle  and  sheep  may  not  be  poisoned  at 
all  by  the  plant.  In  any  case,  from  the  standpoint  of  the  stockmen 
the  plant  is  important  simply  because  of  its  effect  on  horses. 

TOXICITY  OF  THE  DRY  PLANT  AS  COMPARED  WITH  THAT  OF  THE  GREEN  PLANT 

Statements  have  been  made  by  some  authors  that  the  poisonous 
effects  of  xS'.  vmerifi  are  produced  only  by  green  plant.  All  the  experi- 
ments made  at  the  Salina  Experiment  Station  were  with  the  dried 
plant  and  showed  conclusively  its  poisonous  character. 

In  order  to  determine  definitely  whether  there  is  any  difference  in 
toxicity  between  the  green  and  dry  plant,  some  feeding  experiments 
of  green  plant  were  made  by  Mr.  Clawson  at  Cloudcrof  t.  The  results 
showed  that  the  green  and  the  dry  plant  are  about  equally  toxic  if 
allowance  is  made  for  the  loss  of  moisture  in  the  dry  plant. 

LIMITED  REGION  IN  WHICH  CASES  OF  POISONING  OCCUR 

As  stated,  the  reported  localities  of  sleepy-grass  poisoning  are  con- 
fined to  Lincoln  and  Otero  Counties,  N.  Mex.,  with  a  probability  that 
similar  effects  occur  in  parts  of  Mexico. 

In  this  connection  it  is  interesting  that  in  the  experiments  at  the 
Salina  Experiment  Station,  while  the  Cloudcroft  material  produced 
an  intoxicating  effect  on  horses,  no  results  were  obtained  from  mate- 
rial collected  at  Vallecitos,  Raton,  and  Santa  Fe,  N.  Mex.  In  feeding 
the  Vallecitos  material  to  horses,  as  much  as  3.27  per  cent  of  animal 
weight  was  given  with  no  effect.  This  was  more  than  five  times  the 
minimum  dose  of  the  Cloudcroft  plant.  Inquiries  made  of  Forest 
Service  officials  in  northern  New  Mexico,  who  are  well  acquainted 
with  the  plant,  have  shown  that  no  cases  of  poisoning  by  8,  vaseyi 
are  known  to  have  occurred  in  that  part  of  the  State. 

SUMMARY 

Stipa  vaseyi^  a  grass  widely  distributed  over  the  southwestern  part 
of  the  United  States,  has  in  some  localities  in  New  Mexico  been  known 
as  "  sleepy  grass,"  because  of  its  reputed  effect  on  livestock. 

The  grass  has  been  shown  by  experimental  feedings  to  produce  a 
narcotic  effect  on  horses,  and  the  dosage  has  been  determined.  While 
it  may  produce  profound  slumber,  it  does  not  cause  death. 

Cattle  showed  no  effect  from  the  plant,  and  sheep,  although  slightly 
affected,  did  not  show  the  typical  symptoms  of  drowsiness. 

Definite  cases  of  sleepy-grass  poisoning  have  been  reported  from 
only  two  general  localities,  the  Sacramento  and  the  Sierra  Blanca 
Mountains  in  Otero  and  Lincoln  Counties,  N.  Mex. 
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REVIEW  OF  LITERATURE 

Very  few  statements  have  been  published  in  regard  to  the  poison- 
ous properties  of  arrow  grass,  Triglochin  mctntiina.  The  first  pub- 
lished statement  seems  to  have  been  by  Greshoff  in  1908  (5)/  in  which 
he  stated  that  he  had  found  in  the  plant  from  0.02  to  0.06  per  cent 
of  hydrocyanic  acid. 

Blanksma  in  1913  (5)  reported  several  analyses  in  which  he  found 
amounts  of  hydrocyanic  acid  varying  from  0.0016  to  0.056  per  cent. 

The  Department  of  Agriculture  files  show  that  C.  E.  Bessey,  of 
the  University  of  Nebraska,  in  May,  1902,  stated  in  conversation  that 
the  plant  was  suspected  by  a  farmer  of  killing  three  of  his  cows  and 
poisoning  others.  A  doctor  had  stated  that  it  affected  the  nervous 
system,  the  animals  going  into  convulsions.  Doctor  Bessey  said 
that  it  had  been  reported  before  as  being  poisonous  in  northwestern 
Nebraska. 

Beath  (^)  in  the  Thirtieth  Annual  Keport  of  the  Wyoraing  Agri- 
cultural Experiment  Station,  in  1920,  reported  that  laboratory  tests 
showed  that  the  plant  was  highly  toxic  when  extracts  were  introduced 
intravenously  into  rabbits.  No  poisonous  symptoms  were  observed 
when  it  was  fed  in  a  green  condition  to  cattle. 


*  Italic  numbers  in  parentheses  refer  to  "  Literature  cited,"  p.  13. 
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In  the  Report  of  the  Work  and  Expenditures  of  the  Agricultural 
Experiment  Stations,  1920  (7,^) ,  is  the  statement  that  at  the  Nevada 
experiment  station  hydrocyanic  acid  had  been  found  in  arrow  grass. 

Fleming,  in  1920  (6'),  in  the  Annual  Report  of  the  Board  of  Con- 
trol for  the  Agricultural  Experiment  Station  of  Nevada,  said  that 
sheep  had  been  killed  by  the  fresh  plant  by  a  dose  of  from  11/2  to 
2%  pounds,  while  when  air-dried  material  was  used  the  lethal  dose 
was  from  2i/4  to  8  ounces.  Cattle  were  not  affected  by  the  green 
plant,  but  a  yearling  calf  was  killed  by  8  ounces  of  air-dried  material. 

In  1920  Fleming,  Peterson,  Miller,  Wright,  and  Louck  (7)  pub- 
lished a  bulletin  entitled  "Arrow  Grass,  a  New  Stock-Poisoning 
Plant."  This  bulletin  reported  in  considerable  detail  a  series  of 
feeding  experiments  showing  the  poisonous  properties  of  the  plant 
and  giving  the  dosage.  The  bulletin  will  be  referred  to  later  in  the 
discussion  of  the  experiments  made  at  the  Salina  experiment  sta- 
tion, near  Salina,  Utah. 

In  the  Report  of  the  Work  and  Expenditures  of  the  Agricultural 
Experiment  Stations,  1921  (iJ,  f.  103)  is  a  statement  in  regard  to 
the  Nevada  experiment  station  to  the  effect  that  "  arrow  grass  *  *  * 
was  found  to  contain  a  hydrocyanic  glucosid,  of  which  the  dried 
plant  yielded  0.25  per  cent  of  its  weight." 

Beath,  in  1921  {3),  in  the  Thirty-first  Annual  Report  of  the  Wyo- 
ming Agricultural  Experiment  Station,  reported  that  hydrocyanic- 
acid  determinations  of  green  and  dried  plants  had  been  made  but  did 
not  give  data.  Experiments  with  cattle  had  negative  results.  Beath 
(^),  in  1921,  made  a  general  statement  in  regard  to  the  poisonous 
properties  and  distribution  of  arrow  grass. 

Lawrence,  in  1922  (^),  referred  to  the  Nevada  experiment. 

Woodcock,  in  1925  (25,  p.  117)^  simply  made  the  statement  that 
"  Avhen  dry  and  eaten  in  large  amounts,  fatal  to  animals." 

Pammel,  in  1920  {10)^  reviewed  the  bulletin  of  Fleming  and  co- 
authors. 

Alexander,  in  1925  (i),  stated  that  the  plant  was  poisonous,  evi- 
dently basing  his  remarks  on  experiments  carried  on  at  the  Nevada 
station. 

The  foregoing  references  cover  the  published  literature  on  the 
poisonous  properties  of  arrow  grass.  The  subject  was  brought  to 
the  attention  of  the  bureau's  office  of  poisonous  plants  through 
R.  J.  Becraft,  of  the  Utah  Agricultural  Experiment  Station,  who 
stated  that  County  Agent  Howard  Welch,  of  Provo,  had  written 
to  him  that  a  considerable  loss  of  cattle  occurred  each  year  in  the 
meadows  near  Utah  Lake.  Professor  Becraft  suggested  that  an  in- 
vestigation might  be  desirable.  A  trip  was  made  September  29, 
1924,  to  Goshen,  Utah,  the  locality  where  this  poisoning  occurred. 
It  was  found  that  the  plant  grew  in  the  hayfields  at  the  south  end 
of  Utah  Lake,  being  found  in  abundance  in  strips  through  the 
damper  parts  of  the  fields.  All  the  losses  in  this  region  had  been 
confined  to  cattle.     There  were  no  reports  of  the  poisoning  of  horses. 

After  the  hay  is  cut,  the  plant  grows  up  rapidly  and  is  more 
prominent  than  the  second  growth  of  the  other  grasses.  Poisoning 
occurs  at  this  stage.  It  was  the  opinion  of  the  people  there  that 
only  small  quantities  were  necessary  for  poisoning.  They  stated  that 
death  followed  very  quickly  after  symptoms  appeared.     The  plant  is 
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gathered  and  stacked  with  the  hay  and  fed  through  the  winter; 
no  cases  of  poisoning  had  ever  been  known  from  the  use  of  this  hay. 

In  the  summer  of  1925  Forest  Ranger  D.  H.  Williams,  of  Emery, 
Utah,  brought  to  the  attention  of  the  Salina  experiment  station  the 
fact  that  a  number  of  dairy  cows  had  died  in  the  neighborhood  of 
Emery,  apparently  from  eating  arrow  grass.  A  trip  was  made  to 
Emery,  and  the  localities  where  the  plant  grew  were  examined.  It 
was  found  to  grow  in  considerable  abundance  in  seepage  places,  and 
reports  in  the  neighborhood  indicated  that  there  had  been  consid- 
erable losses  from  the  plant. 

While  the  work  of  Fleming  and  coauthors  (7)  had  demonstrated 
very  clearly  the  poisonous  properties  of  the  plant,  their  results  did 
not  give  very  clearly  the  dosage,  and  the  report  in  their  paper  that 
the  dried  plant  was  very  much  more  toxic  than  the  green  plant  was 
not  in  accord  with  the  statements  made  by  the  Utah  stockmen.  Be- 
cause of  these  facts  and  because  of  the  local  demand  for  further  study 
of  the  plant,  it  seemed  desirable  to  make  a  number  of  feeding  tests 
to  clear  up  the  doubtful  points.  On  this  account  the  experiments 
were  undertaken  which  form  the  subject  of  this  bulletin. 

DESCRIPTION  OF  THE  PLANT* 

Triglochin  maritima  L.  is  a  perennial,  erect  herb,  growing  from 
6  inches  to  W-z  feet  in  height.  Tlie  slender,  gi^een,  fleshy  leaves 
arise  from  a  sheathed  base,  the  bases  of  the  old  leaves  often  persisting. 
The  leaves  are  shorter  than  the  flowering  stem  and  are  half  round  in 
cross  section.  The  flower  spikes  are  slender,  the  rounded  stalk  naked 
below,  and  the  numerous  flowers  are  smooth,  small,  greenish,  and 
inconspicuous;  the  sepals  and  petals  are  alike,  six  in  number,  are 
oblong  in  form,  are  spreading,  and  soon  wither  and  disappear;  the 
stamens  are  six  in  number,  and  the  anthers  are  oval  without  stalks; 
the  pods  are  oblong;  one-fourth  inch  long,  usually  split  into  six 
divisions  from  the  bottom  up,  leaving  a  triangular  stem. 

The  plant  is  commonly  known  as  "  arrow  grass,"  but  other  common 
names  are  "  goose  grass  "  and  "  sour  grass." 

It  is  found  in  North  America  in  salt  marshes  near  the  coast  from 
Labrador  to  New  Jersey  and  from 'Alaska  to  southern  California. 
It  also  occurs  in  many  places  in  the  interior  (particularly  from  the 
Great  Plains  westward),  usually  in  saline  or  alkaline  soil  about  lakes 
and  streams.  It  grows  in  clumps  ajid  patches,  which  are  hard  to 
distinguish  before  flowering  time  from  the  accompanying  grasses  and 
sedges,  although  its  half-round  leaves  are  different  from  the  leaves 
of  those  plants.  It  is  often  found  in  large  areas  and  occurs  in  con- 
siderable quantity  in  the  hay  cut  in  the  low-lying  meadows,  as  is  the 
case  at  the  south  end  of  Utah  Lake  in  Utah.  The  plant  is  also  found 
in  Europe,  Asia,  and  northern  Africa.  When  a  quantity  of  the  green 
plant  is  crushed  there  is  evolved  a  very  distinct  odor  of  hydrocyanic 
acid. 

Figure  1  shows  the  form  of  the  plant  when  in  fruit  and  Figure  2 
shows  a  patch  of  the  plants  growing  in  a  seepage  area. 

2  The  description  of  the  plant  was  prepared  by  W.  W.  Eggleston,  Bureau  of  Plant 
Industry. 
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Figure  1. — Arrow  grass  {Triglochin  maritima),  showing  form  of  mature  plant  in  fruit 
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EXPERIMENTAL  WORK 

Experimental  work  with  cattle  and  sheep  was  carried  on  at  the 
Salina  experiment  station  and  at  Goshen,  tjtah,  in  the  summers  of 
1925  and  1926.    The  material  used  in  1925  was  gathered  from  seepage 


Figure  2, — Arrow  grass  ('Tri(jlochin  maritima). 

area 


Mature  plants  growing  in  a  seepage 


areas  near  Emery,  Utah;  that  used  in  1926  was  obtained  in  the 
region  near  the  south  end  of  Utah  Lake,  at  Goshen,  where  the  plant 
grows  in  profusion,  covering  many  acres.  Table  1  gives  a  summary 
of  the  experimental  work. 
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TYPICAL  CASE   OF  CATTLE   1107 


Cattle  1107  was  a  bull  calf  in  good,  healthy  condition,  weighing 
250  pounds  at  the  time  of  the  experiment. 

August  25,  1926,  from  3.12  to  3.43  p.  m.,  he  was  given,  with  balling 
gun,  3.75  pounds  of  finely  ground  green  plant,  which  had  been  col- 
lected immediately  before  the  experiment.  This  quantity  was  equiva- 
lent to  a  1.5  per  cent  dose  of  the  animal's  weight.  At  3.35  p.  m.  he 
was  restless,  repeatedly  lying  down  and  getting  up.  At  3.50  p.  m. 
the  respiration  was  100,  pulse  120,  and  temperature  105°  F.  The 
pulse  was  weak  but  regular.  At  3.57  p.  m.  he  was  staggering  in  a 
manner  reminding  one  of  a  drunken  man.  Figure  3  illustrates  the 
posture  of  the  animal  at  that  stage  of  poisoning,  when  he  was  leaning 
against  the  fence  to  support  himself.  At  4.01  p.  m.  he  was  down, 
resting  his  nose  on  the  ground,  and  at  4.09  p.  m.  was  in  a  semicomatose 
condition.     At  4.11  p.  m.  his  respiration  was  labored  and  noisy.     At 


4.47  p.  m. 
5.45  p.  m. 
lowed  as  if 
or   extreme 


and  at 
he  bel- 
in  pain 
discom- 


FiGURB  3. — Cattle  1107  at  3.57  p.  m.,  August  25.  Because 
of  weakness  and  consequent  difficulty  in  standing,  he 
leaned  against  the  corral  fence 


fort.  During  this 
time  the  pulse  and 
respiration  remained 
rapid,  and  the  tem- 
perature w^as  nor- 
mal. His  eyes  occa- 
sionally twitched, 
his  eyelids  moved  in 
a  jerking  way,  and 
his  eyes  sometimes 
were  rolled  up  so  as 
to  show  only  the 
w^hites.  At  5.52  p. 
m.  the  reflex  of  the 
eyes  had  disap- 
peared.     There  was 

more  or  less  trembling,  and  from  that  time  until  7.34  p.  m.  there  were 
repeated  spasms.  The  respiration  was  gasping,  he  occasionally  bel- 
lowed, and  the  pulse  remained  high,  although  the  rate  of  respiration 
w^as  slower.  At  7.43  p.  m.  he  attempted,  without  success,  to  get  up. 
At  10  p.  m.  the  animal  rose  and  walked  about  the  pen,  being  able  to 
keep  on  his  feet,  although  he  w^as  so  weak  that  he  staggered.  At  11 
p.  m.  he  was  lying  down  and  breathing  much  more  easily.  The 
respiration  at  11.05  p.  m.  was  16.  He  had  eaten  a  small  quantity  of 
hay.  There  was  still  a  quivering  of  the  muscles  of  the  hips  and 
shoulders,  and  occasionally  violent  trembling. 

At  12.05  a.  m.,  August  26,  he  was  still  lying  as  at  11  o'clock,  and 
the  trembling  and  twitching  of  the  muscles  still  continued.  At  1.08 
a.  m.  the  trembling  had  disappeared.  At  2.14  a.  m.  the  pulse  was  80, 
and  the  respiration  14,  both  being  practically  normal.  At  6.20  a.  m. 
he  was  up  and  walking  about  the  corral  and  appeared  bright,  but 
.was  rather  quiet.  At  this  time  his  recovery  was  considered  practically 
complete. 
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TYPICAL  CASE  OF  SHEEP  898 

Sheep  898  was  a  yearling  ewe  weighing  82.5  pounds,  and  was  in 
good  condition  at  the  time  of  the  experiment,  September  1,  1925. 
In  two  feedings,  between  1.44  and  2.34  p.  m.,  she  was  given  by 
balling  gun  wilted  leaves  of  Triglochin  inamtvma^  the  quantity  being 
2.5  per  cent  of  her  weight,  estimated  as  green  plant.  At  the  end  of 
the  second  feeding  she  lay  down  and  by  2.45  p.  m.  was  very  sick,  the 
most  noticeable  symptom  being  the  very  deep  respiration. 

At  2.46  p.  m.  the  temperature  was  100.8°  F.,  pulse  172,  and  res- 
piration 76.  The  pulse  was  weak  and  the  respiration  not  only  fast 
but  deep.  At  this  time  she  was  lying  with  the  nose  resting  on  the 
ground. 

At  3.05  p.  m.  the  temperature  was  99.2°  F.,  pulse  120,  and  respira- 
tion 60.  The  respiration,  as  before,  was  very  deep  and  regular,  with 
occasional  deep  breathing.  The  respiration  was  so  labored  that  the 
breathing  shook  the  whole  body. 

At  3.17  p.  m.  the  respiration  became  more  spasmodic,  and  some  of 
the  time  she  threw  her  head  with  the  respiration.  The  mouth  and 
Sye  mucous  membranes  at  this  time  were  almost  bloodless. 

At  3.20  p.  m.  tremors  passed  over  the  whole  body,  and  she  kicked 
spasmodically. 

At  3.24  p.  m.  in  a  muscular  spasm  the  head  was  thrown  back  in 
an  opisthotonos  position,  and  she  went  over  on  the  right  side.  From 
then  until  3.33  there  was  a  series  of  spasms,  some  rather  violent, 
followed  by  a  period  of  less  labored  breathing,  the  respiration  gradu- 
ally slowing  up  until  3.41  p.  m.,  when  the  animal  died. 

The  autopsy,  made  20  minutes  after  death,  showed  little  in  the 
way  of  marked  pathological  conditions.  There  were  a  few  petechiae 
near  the  apex  of  the  heart,  and  it  was  noted  that  the  blood  was  very 
dark. 

DISCUSSION  AND  GENERAL  CONCLUSIONS 

SYMPTOMS 

In  some  cases,  as  in  two  of  the  cattle,  the  first  symptom  of 
poisoning  was  restlessness,  indicating  discomfort  of  the  animal. 
In  all  cases  there  was  an  abnormally  rapid  pulse  and,  in  all  but  two, 
rapid  respiration.  In  one  of  the  cattle  this  rapid  rate  of  pulse  and 
respiration  was  accompanied  by  a  higher  temperature.  Higher  tem- 
perature, however,  does  not  seem  to  be  characteristic  of  poisoning 
by  this  plant.  In  animals  which  were  only  slightly  affected  rapid 
respiration  and  rapid  pulse  were  the  only  symptoms  noted.  In 
those  that  were  more  severely  poisoned  there  was  staggering,  fol- 
lowed by  more  or  less  complete  prostration,  and  coma  in  the  worst 
cases.  Both  before  and  after  falling  there  was  twitching  of  the 
muscles  and  in  some  cases  trembling  of  the  whole  body.  There  was 
distinct  dyspnea,  the  respiration  becoming  labored  and  noisy.  Two 
of  the  cattle  when  down  bellowed  repeatedly,  as  if  in  extreme  dis- 
comfort. In  the  worst  cases  there  were  frequent  convulsions,  which 
were  accompanied  in  two  of  the  sheep  with  opisthotonos.  In  one 
of  the  cattle.  No.  1107,  which  recovered,  there  was  a  distinct  odor 
of  hydrocyanic  acid  in  the  breath,  which  was  so  marked  as  to  be 
noticed  in  all  parts  of  the  pen  in  which  the  animal  was  confined. 
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In  cattle  1108,  which  died,  there  was  an  odor  of  hydrocyanic 
acid  in  the  lungs.  This  odor  was  not  perceived  in  any  of  the  pois- 
oned sheep.  In  the  fatal  cases  death  was  produced  by  respiratory 
paralysis.  It  will  be  noticed  that  these  symptoms,  as  just  described, 
are  those  that  are  typical  of  hydrocyanic-acid  poisoning.  Figure 
4  shows  cattle  1106  when  down  and  unable  to  rise. 

AUTOPSY  FINDINGS 

The  autopsies  on  the  three  animals  that  died  showed,  as  would  be 
expected,  no  distinctive  lesions,  with  the  possible  exception  that  in 
two  of  them  it  was  noted  that  the  blood  was  unusually  dark. 


MICROSCOPIC   CHANGES  IN  TISSUES 

A  microscopic  study  of  the  samples  of  tissues  from  the  animals 
fatally  poisoned  by  Triglochin  maritima  revealed  very  little  injury 
that  can  be  ascribed  to  the  plant,  and  such  injury  was  found  in  rela- 
tively few  organs. 
The  conclusions  are 
based  largely  on 
the  study  of  tissues 
from  cattle  1108 
and  sheep  898. 
Sheep  952  had  a 
chronic  lung  dis- 
turbance that  made 
it  unsafe  to  draw 
conclusions  from 
evidence  of  minor 
disturbances  in  the 
other  organs  of 
this  animal.  They 
were,  however,  of 
interest  so  far  as 
they  conformed  to 
the  changes  found  in 
the  other  two  cases. 

In  the  kidneys  there  was  evidence  of  irritation  which  had  resulted 
in  a  mild  swelling  and  the  early  stages  of  granular  degeneration  in 
the  epithelial  cells  of  the  convoluted  tubules.  In  the  liver  there  was 
apparently  a  slight  injury  to  some  of  the  hepatic  cells.  This  had  led 
to  the  beginnings  of  cloudy  swelling  or  parenchymatous  degenera- 
tion, especially  in  the  cells  bordering  on  or  nearest  the  central  and 
sublobular  veins  and  along  the  portal  canals.  In  addition,  there 
were  evidences  of  a  mild,  capillary  congestion  in  the  lungs  and  in 
the  walls  of  the  left  ventricle  of  the  heart.  The  presence  of  unusual 
quantities  of  hematogenous  pigment  in  various  places  was  suggestive 
of  the  degeneration  and  destruction  of  many  red  blood  corpuscles. 

TOXIC  AND  LETHAL  DOSAGE  OF  GREEN  PLANT 

In  the  preliminary  experiments,  made  in  1925,  one  head  of  cattle 
and  three  of  sheep  were  used.  Of  these,  only  one,  sheep  898,  was 
affected,  and  this  died  on  a  dosage  of  2.5  per  cent  of  animal  weight 


Figure   4. — Cattle   1106   at   2.38   p.   m.,   August  27,   when 
down  and  unable  to  rise 
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of  green  plant.  In  this  feeding  leaves  of  the  mature  plant  were  used 
which  had  lost  8.45  per  cent  of  weight  by  evaporation.  Sheep  886 
was  not  affected  by  a  dosage  of  2  per  cent  estimated  as  green,  the 
actual  material  fed  having  lost  75  per  cent  of  weight.  Cattle  1058 
was  not  affected  by  1.49  per  cent;  the  material  used  had  lost  6  per 
cent  in  weight,  but  the  feeding  was  spread  over  several  hours. 

In  the  experiments  of  1926  the  material  used  was  young,  second- 
growth  plants  gathered  from  a  field  after  the  harvesting  of  hay. 
These  plants  when  air-dried  lost  84  per  cent  in  weight. 

In  1926  seven  experimental  feedings  were  given  to  cattle.  In  all 
these  experiments  fresh  plant  was  used,  including  leaves,  stems,  buds, 
and  fruit. 

Table  1  shoAvs  a  minimum  toxic  dosage  of  1  per  cent  of  animal 
weight  and  a  lethal  dose  of  1.7  per  cent.  As  cattle  1106  was  made 
"  very  sick  "  by  1  per  cent,  it  may  be  assumed  that  the  actual  mini- 
mum dose,  given  by  balling  gun,  is  somewhat  less.  It  is  tO'  be  noticed, 
loo,  that  of  the  animals  given  the  plant  in  the  feed  box,  only  one 
was  affected,  No.  1106,  which  showed  symptoms  on  1.5  per  cent  eaten 
in  6  hours  and  25  minutes. 

The  experiments  with  cattle  show  very  clearly  that  the  toxic  dose 
is  decidedly  affected  by  the  time  spent  by  the  animal  in  eating  the 
plant.  Cattle  1106  showed  only  "  slight  effect  "  on  a  1.5  per  cent  dose 
taken  in  6  hours  and  25  minutes,  while  it  was  made  "very  sick"  by 
1  per  cent  taken  in  17  minutes.  Cattle  1107  was  made  "very  sick" 
by  the  same  dosage,  1.5  per  cent,  received  in  31  minutes,  while  cattle 
1076,  on  August  26,  received  1.5  per  cent  in  8  hours  and  30  minutes, 
with  no  effect,  and  again,  on  August  28,  received  the  same  dosage 
in  7  hours  and  15  minutes  with  the  same  result.  It  is  evident  that 
cattle  grazing  in  a  field  where  there  is  some  arrow  grass  with  an 
abundance  of  other  forage  may  take  a  considerable  quantity  of  the 
arrow  grass  in  the  course  of  a  day's  feeding,  with  no  ill  effect.  If,  on 
the  other  hand,  there  is  a  scarcity  of  other  forage,  enough  of  the 
arrow  grass  may  be  eaten  in  a  short  time  by  a  hungry  animal  to 
produce  intoxication. 

Eleven  sheep  were  subjects  of  experiment  in  1926,  and  all  were  fed 
by  balling  gun.  Three  of  them,  Nos.  952,  960,  and  958,  received  green 
plant.    The  result  was  as  follows : 

Sheep  952  received  2  per  cent  of  its  weight  and  died. 
Sheep  958  received  1.25  per  cent  of  its  weight  and  was  sick. 
Sheep  960  received  1  per  cent  of  its  weight  and  was  not  affected. 

Comparing  only  the  animals  fed  by  balling  gun,  these  experiments 
indicate  that : 

The  minimum  toxic  dose  for  cattle  is  something  less  than  1  per  cent. 
The  minimum  lethal  dose  for  cattle  is  about  1.7  per  cent. 
The  minimum  toxic  dose  for  sheep  is  about  1.25  per  cent. 
The  minimum  lethal  dose  for  sheep  isi  about  2  per  cent. 

Apparently  cattle  are  somewhat  more  susceptible  than  sheep. 

The  figures  of  Fleming  and  coauthors  (7,  f.  12)  reduced  to  per- 
centages of  weight  would  give  a  minimum  toxic  and  lethal  dose  for 
sheep,  in  terms  of  green  leaves,  of  1.87  per  cent.  This  does  not  differ 
materially  from  the  dosage  obtained  by  the  present  authors  when 
the  nature  of  such  work  conducted  under  the  different  conditions  is 
considered.     Fleming  and  coauthors  got  no  results  from  feeding 


ARROW   GRASS   AS   A   STOCK-POISONING   PLANT 


11 


green  leaves  to  cattle,  although  they  used  a  dosage  as  high  as  4.46 
per  cent. 

TOXICITY  OF  DRY  PLANT 

The  experiments  with  sheep  in  1926,  in  which  dry  or  partly  dry 
material  was  used,  gave  very  interesting  results.  As  is  shown  in  the 
summary,  sheep  960,  which  received  plant  that  had  lost  1.45  per  cent 
by  evaporation,  showed  only  slight  symptoms  on  1.33  per  cent  of  its 
weight  (the  plant  being  estimated  as  green),  although  sheep  958  was 
distinctly  sick  on  1.25  per  cent  of  green  plant.  In  the  succeeding 
experiments  as  the  loss  of  moisture  increased,  the  dosage  to  produce 
symptoms  increased,  until  in  the  cases  of  sheep  951  and  sheep  988, 
w^hich  were  given  the  plant  that  had  lost  83  and  84  per  cent,  respec- 
tively, the  dosages  of  6.18  and  5  per  cent  produced  only  slight  effect. 

It  seems  clear  that  the  plant  in  drying  loses  much  of  its  toxic  prop- 
erty. In  this  connection  it  may  be  noted  that  the  people  in  Goshen, 
Utah,  who  have  had  long  experience  with  the  effect  of  the  plant  on 
cattle,  state  that  they  have  never  known  cases  of  poisoning  to  result 
from  eating  the  plant  in  hay.  A  personal  examination  by  the  authors 
showed  the  presence  of  considerable  quantities  of  arrow  grass  in 
some  of  the  stacks. 

These  results  from  the  use  of  dried  material  are  very  different  from 
those  reported  by  Fleming  and  coauthors  (7,  p.  12^  13).  They  report 
that  they  have  }X)isoned  sheep  repeatedly  on  dry  plant  with  a  mini- 
mum dosage  of  0.74  per  cent  of  animal  weight,  the  plant  being  esti- 
mated as  green,  and  that  a  calf  was  killed  by  dry  plant  on  a  dosage  of 
1.6  per  cent  reduced  to  a  green  basis.  They  call  attention  to  the  risk 
involved  in  using  hay  containing  arrow  grass. 

No  explanation  for  this  difference  in  results  with  dry  plant  is 
offered. 

DURATION  OF  SICKNESS 

Table  2  gives  the  time  from  the  first  symptom  noted  to  the  last. 
The  actual  duration  of  sickness  was  in  most  cases  somewhat  longer. 
Although  the  first  symptom  noted  gives  rather  definitely  the  begin- 
ning of  sickness,  in  most  cases  complete  recovery  probably  came  an 
appreciable  time  after  the  last  noted  symptom. 

Table  2. — Duration  of  sickness 


Animal 

Time  sick 

Animal 

Time  sick 

Cattle  No  — 

1107                                                

Hrs.min. 
10       29 
2       17 
5        52 

5  3 

1       »6 
1        »6 

6  4 

Sheep  No. — Continued. 

960 

Hts.  min. 
6        27 

1108 

951  (Sept.  1) 

1        22 

1106  (Aug.  25)                         -- 

972 

3        10 

1106  (Aug  27) 

959 -- 

5        35 

Sheep  No  — 
898 

946 

1          5 

951  (Sept.  14) 

15 

952 

988....  . 

1        14 

958                                           

» To  death. 


The  maximum  time  of  illness  was  in  the  case  of  cattle  1107,  10 
hours  and  29  minutes,  while  the  minimum  was  shown  by  sheep  951 
in  the  experiment  of  September  14  and  was  15  minutes.     The  two 
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sheep  that  died  were  sick  the  same  length  of  time,  1  hour  and  6 
minutes,  while  cattle  1108,  which  was  fatally  poisoned,  lived  2  hours 
and  7  minutes.  Of  the  three  cattle,  which  were  sick  and  recovered, 
the  average  period  of  sickness  was  7  hours  and  8  minutes,  while  the 
average  of  the  sheep  that  recovered  was  3  hours  and  9  minutes. 
Taking  the  animals  as  a  whole,  the  sickness  lasted  for  a  compara- 
tively short  period,  and  there  did  not  appear  to  be  any  long-continued 
effects  from  poisoning  from  this  plant.  Complete  recovery  comes 
in  a  very  short  period. 

TIME    FROM    FEEDING    TO    APPEARANCE    OF   SYMPTOMS 

Table  3  shows  the  time  from  the  conclusion  of  feeding  until  the 
appearance  of  the  first  symptom.  The  first  experiment  with  cattle 
1106,  on  August  25,  is  omitted  from  this  table,  since  the  symptoms 
appeared  during  the  process  of  feeding. 

Table  3. — Interval  elapsing  between  feeding  and  the  development  of  symptoms 


Animal 

Time  of 

first 
symptom 

Animal 

Time  of 

first 
symptom 

Cattle  No  — 
1107 

Minutes 
2 
1 

7 

16 

Sheep  No.— Continued. 

960  (Aug.  31) 

Minutes 
23 

1108 

951 

24 

1106  (Aug.  27) 

972 

60 

Sheep  No.— 

898                                                 •     -     .. 

959              

14 

946 

5 

952 

951 

24 

958                            

988 - 

14 

1  Immediately. 

The  shortest  interval  before  the  appearance  of  symptoms  was  in 
the  case  of  sheep  898,  which  was  sick  immediately  after  the  feeding. 
Cattle  1108  was  practically  in  the  same  class,  as  it  was  sick  in  one 
minute,  while  cattle  1107  was  sick  in  two  minutes.  The  longest  time 
which  elapsed  Avas  in  sheep  972,  in  which  symptoms  appeared  one 
hour  after  the  feeding.  The  average  of  all  these  cases  was  15  min- 
utes. It  is  evident  that  in  all  cases  of  poisoning  by  this  plant  the 
symptoms  of  poisoning  occurred  in  a  very  short  time  after  the 
feeding. 

The  average  time  for  cattle,  3%  minutes,  is  much  less  than  that  for 
sheep,  which  was  18%  minutes.  Two  factors  may  be  considered  as 
accounting  for  this  difference,  at  least  in  part,  one  the  apparently 
greater  susceptibility  of  cattle  and  the  other  the  fact  that  all  the 
cattle  were  fed  on  green  plant,  whereas  many  of  the  sheep  received 
plant  which  was  partly  or  wholly  dried. 

REMEDIES 

The  action  of  the  poison  is  so  rapid  and  violent  that  little  reliance 
can  be  placed  on  any  remedy.  However,  a  number  of  remedies  have 
been  suggested.  Among  them  are  hydrogen  peroxide,  potassium 
permanganate,  cobalt  nitrate,  and  glucose.  Atropine  may  be  given 
to  stimulate  the  respiration. 
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Perhaps  special  mention  should  be  made  of  the  possible  efficiency 
of  the  administration  of  glucose.  It  is  known  that  glucose  will  com- 
bine with  hydrocyanic  acid  and  destroy  its  poisonous  properties. 
Violle  (74)  reviews  preceding  work  on  this  subject,  work  which 
included  the  use  of  glucose  as  a  prophylactic  in  experiments  with 
guinea  pigs,  and  gives  an  account  of  similar  successful  experiments 
with  rabbits.  He  shows  that  glucose  is  effective  as  a  prophylactic 
when  given  intravenously  and  intraperitoneally,  and  to  a  less  degree 
when  given  by  the  mouth.  He  suggests  the  use  of  glucose  as  a 
prophylactic  for  men  who  are  exposed  to  the  fumes  of  hydrocyanic 
acid  in  industrial  occupations. 

In  this  connection  Saint-Rat  {11)  makes  an  interesting  explanation 
of  the  failure  of  the  attempt  by  Yousoupoff  to  poison  Rasputin  by 
port  wine  and  cake  with  "  creme  rose  "  in  both  of  which  cyanide  of 
potassium  had  been  placed.  Rasputin  drank  the  wine  and  ate  the 
cakes  without  any  harmful  result.  Saint-Rat  shows  that  the  glucose 
of  the  wine  and  the  lactose  of  the  "  creme  rose  "  would  be  sufficient  to 
neutralize  the  effect  of  the  hydrocyanic  acid. 

No  experiments  have  been  made  to  test  the  possibility  of  using 
glucose  successfully  for  animals  already  showing  symptoms  of 
poisoning.  It  seems  probable,  however,  that  some  beneficial  results 
could  be  expected  from  its  use.  Inasmuch  as  glucose  in  the  form  of 
corn  sirup  is  readily  obtainable,  it  would  seem  worth  while  to  try  its 
effect. 

SUMMARY 

Arrow  grass,  THglochin  maritima^  is  a  widely  distributed  plant, 
growing  in  alkaline  places  in  Europe,  Asia,  northern  Africa,  and 
North  America,  which  has  toxic  properties  caused  by  the  production 
of  hydrocyanic  acid. 

The  plant  has  been  the  cause  of  considerable  losses  of  cattle.  The 
symptoms  and  dosage  are  described;  these  indicate  that  cattle  are 
somewhat  more  susceptible  to  its  effects  than  sheep. 

To  produce  poisoning  the  toxic  dose  must  be  eaten  in  a  short  period 
of  time.  Cattle,  in  the  presence  of  other  forage,  may  eat  consider- 
able arrow  grass  with  no  harm,  but  when  grazing  on  poor  pasture 
may  eat  enough  in  a  short  time  to  produce  intoxication  or  death. 
The  sickness  comes  on  very  quickly,  lasts  a  comparatively  short  time, 
and  in  cases  of  recovery  has  no  permanent  effect. 

The  air-dried  plant  used  in  the  experimental  work  gradually  lost 
most  of  its  toxicity  in  drying.  It  is  therefore  inferred  that  stock 
losses  result  only  from  eating  the  green  plant  and  that  there  is  no 
danger  from  hay  containing  arrow  grass. 
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INTRODUCTION 

After  the  cotton  boll  weevil  had  spread  over  the  northeastern  part 
of  the  Cotton  Belt,  it  became  necessary  to  study  its  life  history  and 
control  in  this  territory,  since  it  was  well  known  that  this  species 

1  Anthonomus  grandis  Boh.,  order  Coleoptera,  family  Curculionidae. 

2  The  greater  part  of  this  bulletin  is  based  on  three  years  of  work  at  Florence,  S.  C,  in  cooperation  with 
the  Pee  Dee  Experiment  Substation,  a  branch  of  the  South  Carolina  Agricultural  Experiment  Station. 
The  writers  wish  to  extend  their  thanks  to  B.  R.  Coad,  in  charge  of  Cotton  Insect  Investigations,  United 
States  Bureau  of  Entomology,  Tallulah,  La.,  for  suggestions  and  aid  in  formulating  plans  of  the  project; 
to  H.  W.  Barre,  director  of  the  South  Carolina  Agricultural  Experiment  Station,  who  extended  every 
facility  for  the  investigation;  and  to  G.  M.  Armstrong,  in  charge  of  the  division  of  boll-weevil  control, 
State  agricultural  experiment  station,  for  his  help  and  cooperation. 
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is  greatly  influenced  by  difi^erent  climatic,  soil,  cultural,  and  other 
environmental  conditions.  Its  life  cycle  had  been  previously  studied 
at  Victoria,  Tex.,  Tallulah,  Mansura,  and  Delta,  La.,  and  Madison, 
Fla.,  by  members  of  the  staff  of  the  Bureau  of  Entomology.  Studies 
had  also  been  made  at  various  times  by  agricultural  experiment 
stations  and  other  interested  agencies  in  practically  all  Cotton-Belt 
States. 

In  1923  the  United  States  Bureau  of  Entomology  and  the  South 
Carolina  Agricultural  Experiment  Station  began  a  cooperative  in- 
vestigation concerning  the  biology,  ecology,  and  control  of  this 
important  insect  pest.  The  project  was  located  at  the  Pee  Dee 
Experiment  Station,  Florence,  S.  C.  During  1923  work  was  done 
chiefly  on  testing  out  various  insecticides  and  methods  for  the  control 
of  the  weevil.  In  1924  extensive  studies  on  the  biology  and  ecology 
of  this  insect  were  begun,  which  were  continued  for  three  years. 
This  bulletin  is  a  report  of  these  investigations.  The  main  purpose 
of  the  project  was  to  determine  the  following  points  in  boll-weevil 
biology  and  control:  Hibernation;  the  life  cycle;  the  number,  relative 
importance,  and  time  of  appearance  of  the  different  generations;  the 
effect  on  summer  multiplication  of  agencies  of  natural  control,  such 
as  parasites,  predators,  heat,  and  proliferation;  the  migration  or 
dispersal  of  the  adults  in  the  summer;  and  the  comparative  suscepti- 
bility of  different  varieties  of  upland  cotton  to  weevil  damage. 

THE   PEE   DEE   DISTRICT    OF   SOUTH    CAR(^LINA 

The  Pee  Dee  district  of  South  Carolina  may  be  said  to  be  that  area 
of  land  drained  by  the  Pee  Dee  River  and  its  tributaries,  lying  within 
that  part  of  the  State  known  as  the  coastal  plain.  It  is  roughly  rec- 
tangular in  shape,  80  miles  long  and  60  miles  wide  (its  longest  sides 
facing  northeast  and  southwest),  extending  from  a  line  between 
Cheraw  and  Camden  to  within  30  or  40  miles  of  the  coast. 

Florence  is  located  in  what  is  known  as  the  middle-upper  coastal 
plain.  The  soils  of  this  section  are  described  as  ''mainly  grayish  sandy 
loams  with  yellow,  friable  sandy  clay  subsoils."^ 

The  Pee  Dee  district  is  characterized  by  a  level,  comparatively  flat 
topography,  interrupted  by  a  rather  hilly  and  rolling  country  in  its 
upper  part  and  by  low  swampy  areas  along  the  watercourses,  especially 
to  the  east  and  south. 

RAINFALL 

Climate  influences  to  a  considerable  extent  the  seasonal  cycle  of 
the  cotton  boll  weevil,  both  directly  through  its  effect  upon  the  insect 
itself  and  indirectly  through  its  effect  upon  the  development  and 
fruiting  of  the  cotton  plant.  Because  of  this  fact,  and  also  for  the 
sake  of  better  comparison  of  the  weevil  biology  at  Florence,  S.  C, 
with  that  worked  out  for  other  portions  of  the  Cotton  Belt,  it  was 
deemed  desirable  to  record  the  temperatures  and  rainfall  during 
the  period  that  the  study  was  in  progress,  to  compare  these  records 
with  the  normal,  and  also  to  show  the  extremes  of  temperature  that 
have  occurred  in  the  past  in  this  region. 

3  Stine,  O.  C,  and  Baker,  O.  E.    cotton.    U.  S.  Dept.  Agr.,  Off.  Farm  Mangt.,  Atlas  of  American 
Agriculture,  pt.  5,  sect.  A,  28  p.,  illus.    1918. 
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The  normal  climograph  for  Florence,  based  on  United  States 
Weather  Bureau  records  for  35  years  (1892  to  1926,  inclusive),  shows 
that  the  rainfall  is  heaviest  during  the  months  of  June,  July,  and 
August.  (Fig.  1.)  The  total  average  precipitation  during  these 
three  months  is  more  than  one-third  of  the  yearly  total. 
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Figure  1.— A,  climograph  for  Florence,  S.  C,  1924;  B,  climograph  for  Florence,  S.  C,  1925;  C, 
climograph  for  Florence,  S.  C,  1926.  Normal  conditions,  based  on  United  States  Weather 
Bureau  records  for  35  years,  are  represented  by  solid  lines,  and  conditions  of  1924, 1925,  and  1926 
by  broken  lines.  Numbers  in  the  graphs  represent  months  of  the  year 

In  1924  there  was  a  total  precipitation  of  56.2  inches,  as  compared 
with  the  normal  of  45.51  inches.  Months  during  which  rainfall 
was  considerably  above  normal  were  January,  May,  September, 
and  December.  (Fig.  1,  A.)  During  September  13.72  inches  fell, 
which  was  9.63  inches  above  normal.  There  was  a  total  precipi- 
tation of  36.38  inches  in  1925,  which  was  considerably  below  normal. 
Since  10.42  inches  of  rain  fell  during  January  of  this  year,  which 
was  7.62  inches  above  normal,  it  can  be  seen  that  the  precipitation 
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during  the  other  months  was  much  below  normal.  (Fig.  1,  B.)  Months 
during  which  rainfall  was  markedly  below  normal  were  February  to 
May,  and  July  to  October,  inclusive.  In  1926  there  was  a  total  pre- 
cipitation of  36.91  inches,  which  was  about  the  same  as  for  1925,  and 
therefore  much  below  normal.  Months  during  which  rainfall  was 
considerably  below  normal  were  May  and  July  to  October,  inclusive. 
(Fig.  1,  C.)  Table  1  shows  the  departures  from  normal  rainfall  for 
the  period  of  this  study. 

Table  1. — Monthly  rainfall   departures  from  normal,  Florence,  S.  C,  November y 

1923,  to  December,  1926 


Year 

Jan. 

Feb. 

Mar. 

Apr. 

May 

June 

July 

Aug. 

Sept. 

Oct. 

Nov, 

Dec. 

1923 

Inches 

Inches 

Inches 

Inches 

Inches 

Inches 

Inches 

Inches 

Inches 

Inches 

Inches 
-0.96 
-0.94 
+1.12 
+1.65 

Inches 
—0.50 

1924 

+1.02 
+7.62 
+2.47 

-0.80 
-2.89 
-0.68 

+0.35 
-1.96 
-0.36 

+0.79 
-1.15 
+0.92 

+3.91 
-1.01 
-2.79 

-1.26 
+0.10 
+0.93 

-0.71 
-3.67 
-2.69 

-1.95 
-3.65 
-3.32 

+9.63 
-1.93 
-1.54 

-1.76 
-1.75 
-2.56 

+2  41 

1925 

1926 

+0.04 
-0.43 

TEMPERATURE 

Charts  of  the  average  mean  temperatures  for  Florence,  based  on 
32  years'  records  as  compiled  by  Richard  H.  Sullivan,  in  charge  of  the 
United  States  Weather  Bureau  Station  at  Columbia,  S.  C,  show  that 
the  peak  in  the  curve  is  reached  in  July.  The  climate  of  this  district 
is  comparatively  uniform,  abrupt  temperature  changes  being  rare. 
The  maximum  temperature  record  for  the  years  from  1895  to  1926, 
inclusive,  was  108°  F.  at  Florence^  on  September  4,  1925,  and  the 
minimum  for  the  same  period  was  —9°  at  Cheraw  on  February  14, 
1899.  A  minimum  of  —  1°  has  been  recorded  at  Florence,  S.  C.  The 
average  range  between  maximum  and  minimum  temperatures  at 
Florence  during  the  growing  season  is  23.47°.  The  growing  season 
(free  from  Idlling  frost)  for  the  entire  Pee  Dee  district  averages  some- 
what more  than  216  days,  while  at  Florence  the  average  is  233  days. 

In  1924  the  mean  temperatures  were  considerably  above  normal 
in  June,  August,  November,  and  December,  and  notably  below  nor- 
mal in  March,  May,  and  September.  (Fig.  1,  A.)  Mean  tempera- 
tures in  1925  ^  were  above  normal  in  all  months  except  January,  May, 
and  November.  (Fig.  1,  B.)  During  1926^  the  mean  temperatures 
were  considerably  above  normal  in  December,  February,  and  May  to 
October,  inclusive.  (Fig.  1,  C.)  Table  2  shows  the  temperature 
departures  from  the  normal  for  the  period  of  this  study. 


<Tn  a  previous  paper  by  the  writers  the  statement  is  made  that  the  maximum  temperature  during  these 
investigations  was  107°  F.  This  temperautre  was  the  highest  recorded  at  the  Pee  Dee  Experiment  Station, 
which  was  headquarters  for  this  work,  while  in  the  town  of  Florence,  3  miles  away,  the  official  thermometer 
of  the  United  States  Weather  Bureau  recorded  a  maximum  of  108°.  See  Fenton,  F.  A.,  and  Diinnam, 
E.  W.  DISPERSAL  OF  THE  COTTON  BOLL  WEEVIL,  ANTHONOMUs  GRANDis  BOH.  Jour.  Agr.  Research  36:  135- 
149,  illus.  1928. 

5  Records  for  October,  November,  and  December,  1925,  are  for  Darlington,  S.  C. 

«  Records  for  January,  February,  and  March,  1926,  are  for  Darlington,  S.  C. 
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Table  2. — Monthly  temperature  departures  from  normal,  Florence,  S.  C,  November, 

1923,  to  December,  1926 


Year 

Jan. 

Feb. 

Mar. 

Apr. 

May 

June 

July 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

1923 

op 

°F. 

°F. 

°F. 

op 

op 

op 

op 

°F. 

°F. 

°F. 

-0.9 

+2.7 

1-1.5 

-3.1 

+7.7 

1924 

1925 

1926 

+0.9 

-0.3 

1-1.3 

-0.3 

+9.3 

1+3.9 

-3.0 
+3.3 
1-6.4 

+0.4 
+4.9 
-1.2 

-1.3 
-2.2 
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RELATION  OF  CLIMATE  TO  BOLL- WEEVIL  BIOLOGY  AT 
FLORENCE,  S.  C. 

Boll- weevil  survival  was  low  for  the  winter  of  1923-24,  owing  to 
unfavorable  weather  conditions  and  also  to  defoliation  by  the  cotton 
leaf  worm  {Alabama  argillacea  Hiibn.)  the  preceding  fall.  A  minimum 
temperature  of  11°  F.  occurred  January  6.  Overwintered  weevils 
were  very  scarce  in  the  cotton  fields  early  in  the  season  of  1924, 
probably  as  a  result  of  the  two  factors  just  named.  Rain  fell  on  12 
days  in  June  and  16  days  in  July,  although  the  total  was  below  normal 
for  these  months.  There  were  also  many  cloudy  or  partly  cloudy  days 
during  which  no  rain  fell.  As  a  result  the  few  surviving  overwintered 
weevils  were  enabled  to  produce  a  fairly  large  first  generation,  which  in 
turn  produced  an  even  larger  second  generation.  Temperatures  during 
these  two  months  were  not  high  enough  to  cause  much  mortality. 
At  about  the  time  weevils  began  to  be  numerous  enough  to  threaten 
damage  to  the  top  crop  during  August,  the  temperature  became  very 
high,  the  mean  for  the  month  being  2.4°  above  normal.  At  the 
same  time  rainfall  was  much  below  the  average,  there  being  only 
two  days  with  appreciable  amoimts  of  rain.  This  condition  effec- 
tively checked  weevil  development.  September  was  decidedly  favorable 
for  the  weevils,  the  temperature  being  2.6°  below  normal  and  the  rain- 
fall 9.63  inches  above  normal.  During  this  month  rain  fell  on  16 
days,  causing  an  exceptionally  heavy,  luxuriant  top  growth  of  cotton. 
Great  numbers  of  weevils  were  developed  in  the  numerous  late  squares 
which  also  provided  food  for  the  weevils  and  enabled  them  to  go  into 
hibernation  in  good  condition.  More  of  these  insects  were  in  the 
cotton  fields  in  the  fall  of  1924  than  in  either  the  fall  of  1925  or  that 
of  1926,  the  two  other  years  in  which  the  study  was  conducted. 

The  following  winter  was  mild,  with  no  great  extremes  of  tempera- 
ture, the  lowest  temperature  reached  being  22°  F.  on  December  2, 
1924.  Temperatures  in  December,  1924,  and  February,  1925,  were 
decidedly  above  normal,  and  the  temperature  of  January,  1925, 
was  only  slightly  below  normal.  Unusually  warm  weather  prevailed 
during  the  first  half  of  March  and  caused  great  numbers  of  weevils 
to  come  out  of  hibernation  early.  This  was  followed  by  cold  weather, 
checking  emergence  until  after  the  middle  of  April.  Many  weevils 
emerging  in  March  survived  until  April.  Conditions  from  June  to 
September  were  distinctly  unfavorable  for  the  weevil,  as  the  rainfall 
was  far  below  the  average  and  the  temperatures,  especially  during 
September,  were  considerably  above  the  average.  There  was  such  a 
high  percentage  of  survival  during  hibernation,  however,  that  the 
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weevils  were  more  numerous  during  the  summer  of  1925  than  in 
1924,  and  there  was  a  very  heavy  and  prolonged  dispersal,  which  began 
much  earlier  than  usual.  The  continued  dry  weather  almost  com- 
pletely stopped  cotton  from  fruiting  during  August  and  early  Sep- 
tember, and  as  a  result  weevils  were  much  fewer  in  numbers  in  the 
fall  than  they  had  been  the  preceding  year. 

The  winter  of  1925-26  was  also  unfavorable  for  the  few  weevils 
that  went  into  hibernation.  While  the  temperatures  were  subnormal 
only  in  January,  yet  severe  freezes  must  have  caused  a  high  mortality. 
In  1925  the  minimum  temperatures  recorded  at  Darlington,  10  miles 
north  of  the  experiment  station,  were  9°  and  10°  F.  on  December 
28  and  29,  respectively.  There  were  fewer  overwintered  weevils  in 
cotton  fields  in  the  spring  of  1926  than  in  the  spring  of  1924.  Condi- 
tions during  the  summer  were  unfavorable  for  weevil  development, 
temperatures  being  above  and  precipitation  below  normal.  As  a 
result,  weevils  never  became  numerous  enough  to  cause  heavy  damage 
and  there  were  fewer  of  them  in  the  fields  in  September  and  October, 
1926,  than  during  the  same  months  of  the  preceding  year. 

DAMAGE   CAUSED   BY   THE   BOLL   WEEVIL 

LENGTH    OF    TIME   SQUARES   REMAIN   ON   THE   PLANT  AFTER 
OVIPOSITION    BY    THE    BOLL    WEEVIL 

The  average  length  of  time  a  square  hung  on  the  plant  after  being 
punctured  once  for  egg  deposition  by  the  boll  weevil  was  7.35  days. 
Following  2  punctures  it  remained  on  the  plant  for  an  average  of 
7.02  days;  after  3  punctures,  7.08  days;  and  after  4  to  6  punctures, 
6.53  days.  These  averages  were  based  on  the  following  numbers 
of  squares:  1,780  squares  were  oviposited  in  once;  522,  twice; 
95,  three  times;  and  28,  four  to  six  times.  It  is  thus  evident  that  those 
squares  which  are  destined  to  shed  after  being  punctured  either 
once  or  several  times  drop  in  about  one  week. 

AGE  OF  SQUARE  PREFERRED  BY  THE  BOLL  WEEVIL  FOR  FEEDING 

AND    OVIPOSITION 

In  a  series  of  tests  conducted  during  1925  and  1926,  squares  from 
four  days  old  to  those  in  bloom  were  exposed  to  weevil  attack.  There 
were  2,965  squares  used  in  this  test.  None  received  egg  punctures 
during  the  first  five  days  and  comparatively  few  on  the  sixth  day. 
From  then  on  until  three  days  before  the  squares  bloomed  there 
was  no  apparent  preference  of  the  weevil  for  squares  of  any  particular 
age  for  egg  deposition.  In  squares  three  days  or  less  from  blooming, 
and  in  blooms,  more  feeding  punctures  were  found  than  punctures 
in  which  eggs  were  deposited. 

WEEVIL  DAMAGE  TO  COTTON  BOLLS  AND  COMPARATIVE  COTTON 
LOSS   IN    DIFFERENT   VARIETIES 

The  amount  of  damage  weevils  can  do  to  difi*erent  varieties  of  both 
short-staple  and  long-staple  upland  cotton  was  determined  by  bagging 
pairs  of  weevils  on  uninfested  bolls  of  known  ages.  The  insects  were 
removed  at  the  end  of  24  hours  and  notes  taken  as  to  the  number  of 
feeding  and  egg  punctures.  Each  boll  was  then  tagged,  given  an 
identification  number,  and  rebagged  to  prevent  injury  from  other 
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weevils.  The  bag  was  removed  before  the  boll  opened,  and  after  it  had 
opened  the  percentage  of  cotton  loss  was  ascertained  by  counting  the 
number  of  locks  damaged  or  destroyed.  When  a  young  boll  was  shed 
because  of  weevil  injury,  it  was  recorded  that  the  entire  boll  had  been 
destroyed.  When  the  injury  was  caused  by  disease,  or  when  it  was 
uncertain  whether  or  not  the  damage  w^as  due  to  the  weevil,  the  bolls 
were  not  considered  in  figuring  cotton  loss.  This  experiment  was  not 
representative  of  field  conditions  since  it  is  known  that  in  the  field 
squares  are  preferred  and  old  bolls  seldom  attacked.  The  object  was 
to  determine  (1)  the  length  of  time  a  boll  is  susceptible  to  weevil 
attack,  (2)  the  comparative  susceptibility  of  bolls  of  different  ages 
and  varieties  to  weevil  injury,  (3)  the  cause  for  any  diiference  if  any 
difference  was  found,  and  (4)  the  reactions  of  the  weevils  themselves 


Figure  2.— A,  cotton  boll  showing  an  exceptionally  large  number  of  feeding  punctures; 
B,  wall  of  cotton  boll  showing  proliferation  at  point  where  egg  was  forced  through. 
Toward  the  bottom  may  be  seen  an  oval  discolored  area  where  an  egg  was  forced  through 
the  outer  wall  but  not  through  the  inner  membrane 

under  such  controlled  conditions.     This  experiment  was  carried  out 
during  1925  and  1926,  2,833  bolls  being  used  in  the  tests. 

It  was  found  that  with  few  exceptions  the  younger  bolls  showed  the 
greater  average  number  of  feeding  punctures.  The  exceptions  noted 
were  slight  increases  in  the  number  of  feeding  punctures,  in  the  case 
of  two  varieties,  in  bolls  31  to  35  days  old  over  averages  recorded  for 
bolls  26  to  30  days  old,  and  for  one  variety  a  very  definite  increase  in 
the  number  of  punctures  in  bolls  46  to  50  days  old  over  the  number 
in  bolls  40  to  45  days  old.  In  young  bolls  1  to  5  days  after  blooming 
the  average  number  of  feeding  punctures  ranged  from  8.33  to  8.56  per 
boll  and  the  maximum  number  in  one  boll  was  25.  After  these  ages 
the  average  dropped  to  from  none  to  3  per  boll  in  bolls  46  to  50  days 
old.  The  greatest  number  of  feeding  punctures  recorded  for  a  24-hour 
period  on  one  boll  was  40  for  a  boll  40  days  old.  There  was  very  little 
difference  in  the  number  of  feeding  punctures  made  per  boll  for  the 
three  varieties  under  test,  the  slightly  different  averages  at  certain 
ages  not  being  significant.  Figure  2,  A,  shows  the  extent  to  which 
older  bolls  may  be  damaged  by  feeding  punctures  in  cases  of^  excep- 
tionally heavy  infestations. 
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The  average  number  of  egg  punctures  per  boll  for  the  three  varieties 
was  as  follows:  At  1  to  5  days  old  the  range  was  from  0.43  to  0.9  per 
boll;  at  6  to  10  days,  from  1.02  to  1.57;  and  at  11  to  15  days,  from 
0.92  to  1.86.  After  the  latter  age  period  the  average  number  of  egg 
punctures  per  boll  continued  to  drop,  with  slight  exceptions,  until  the 
boll  opened.  The  greatest  number  of  egg  punctures  per  boll  recorded 
for  a  24-hour  period  was  12  for  a  boll  18  days  after  blooming.  Variety 
A,  which  was  a  short-staple  upland  cotton,  averaged  more  egg  punc- 
tures per  boll  than  the  others  up  to  15  days  after  blooming.  In  bolls 
16  to  20  days  old  the  average  was  about  the  same  as  for  variety  B, 
which  was  also  a  short-staple  upland  cotton,  but  was  still  higher  than 
for  variety  C,  a  long-staple  upland  cotton.  Variety  B  had  the  second 
highest  average  number  of  egg  punctures  up  to  15  days  after  blooming, 
and  variety  C  had  the  lowest  average  number  of  egg  punctures  for  the 
first  25  days.  After  20  days  the  differences  in  the  average  number  of 
egg  punctures  per  boll  for  the  three  varieties  were  not  great  enough  to 
be  significant. 

Dissections  of  older  bolls  often  showed  that  the  hole  made  by  the 
weevil  for  the  reception  of  the  egg  extended  only  to  the  inner  mem- 
brane which  surrounds  the  cotton  in  each  lock.  Since  this  becomes 
hard,  it  is  possible  that  the  young  weevil  larva,  after  hatching,  can 
not  always  penetrate  into  the  lock  itself.  In  many  cases  where  the 
egg  was  forced  through  the  inner  membrane,  a  small  mass  of  plant 
tissue  at  this  point  showed  that  proliferation  had  taken  place,  killing 
the  larva  before  it  could  cause  any  damage.     (Fig.  2,  B.) 

The  percentage  of  cotton  loss  per  boll  for  the  three  varieties  was 
greatest  at  1  to  5  days,  when  it  averaged  from  89.4  to  98.7  per  cent; 
and  smallest  after  30  days,  when  it  ranged  from  0.5  to  2.6  per  cent. 
The  short-staple  variety  B  showed  the  greatest  loss  up  to  5  days,  and 
the  short-staple  variety  A  the  smallest,  though  variety  A  showed  the 
highest  percentage  of  loss  at  from  16  to  30  days.  The  long-staple 
variety  C  varied  in  respect  to  amount  of  loss,  but  for  the  most  part 
agreed  approximately  with  variety  B. 

This  experiment  showed  that  the  older  a  boll  is  the  less  chance 
a  weevil  has  of  damaging  or  destroying  the  cotton  within,  and 
there  is  also  a  difference  in  the  susceptibility  of  different  varieties  of 
upland  cotton  to  weevil  damage  to  the  bolls.  Less  than  10  per  cent 
cotton  loss  resulted  from  weevil  attack  for  varieties  B  and  C  after 
bolls  were  20  days  old.  Variety  A  was  more  susceptible,  the  weevil 
being  able  to  cause  more  than  10  per  cent  damage  up  to  30  days  after 
blooming.  The  immunity  of  variety  B  to  weevil  damage,  although 
less  than  that  of  the  others  at  the  start,  increased  at  a  more  rapid 
rate  as  the  bolls  became  older.  The  difference  in  percentage  of 
cotton  loss  for  the  three  varieties  was  not  correlated  with  the  com- 
parative number  of  egg  or  feeding  punctures  in  the  bolls.  Weevils 
fed  in  bolls  of  all  ages,  although  more  feeding  punctures  were  made  in 
young  bolls  than  in  old  ones.  The  average  number  of  egg  punctures 
per  boll  increased  for  the  first  15  days,  owing  largely  to  an  increase  in 
the  size  of  the  boll;  after  this  a  decrease  was  noted,  which  indicated 
that  the  hardening  of  the  carpel  of  the  boll  was  making  it  less  attractive 
to  the  weevil. 
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SEASONAL-HISTORY   STUDIES 

The  comparative  importance  and  time  of  appearance  of  the  differ- 
ent generations,  the  length  of  the  preoviposition  and  oviposition 
periods,  the  fecundity,  rate  of  egg  deposition,  longevity,  and  course 
of  development  of  the  boll  weevil  were  determined  under  different 
conditions  by  means  of  the  experiments  described  below. 

When  cotton  began  to  square,  a  large  number  of  field  cages  were 
set  up  over  young  plants,  each  cage  containing  a  male  and  a  female 
overwintered  weevil,  marked  to  distinguish  them  from  any  that 
might  accidentally  get  into  the  cage.  Each  day  the  cages  were 
examined  and  notes  taken  as  to  the  survival  of  the  weevils,  the  num- 
ber of  eggs  found,  etc.  Each  square  containing  an  egg  was  marked 
with  a  white  tag  bearing  the  number  of  egg  punctures  in  it  and  the 
date.  (Fig.  3,  A.)  As  soon  as  the  weevils  had  punctured  all  or 
nearly  all  of  the  squares  in  the  cage,  it  was  placed  over  another  plant 
either  not  heretofore  infested  with  weevils  or  with  all  punctured 
squares  removed,  and  in  it  the  same  pair  was  placed. 

The  infested  cotton  plants,  now  bearing  many  white-tagged 
squares,  were  left  out  in  the  open  field,  but  were  marked  with  a 
white-tipped  stake  which  could  be  easily  seen.  Each  day  an  oper- 
ator visited  these  tagged  plants  and  searched  in  and  under  them  for 
infested  squares  which  had  fallen  off.  These  were  gathered  together 
in  a  compartment  of  a  specially  constructed  tray,  together^mth  a 
tag  bearing  the  same  date.  Later  these  squares,  which  now  con- 
tained nearly  mature  weevil  larvae,  were  placed  in  square  cages, 
according  to  the  date  of  collection.  (Fig.  3,  B.)  These  were  found 
unsatisfactory,  however,  as  the  mortality  was  too  heavy  and  the 
chance  of  weevils  being  overlooked  too  great;  for  this  reason  later 
infested  squares  were  brought  into  the  insectary  and  placed  in  breed- 
ing boxes.  Each  box  was  3  or  4  yards  long  and  divided  into  many 
compartments,  each  about  4  or  5  inches  square.  A  ]id  fitted  tightly 
over  the  box.  Dampened  sphagnum  moss  was  packed  in  the  bottom, 
over  which  the  squares  were  placed.  A  hole  was  bored  into  the  side 
of  each  compartment  and  into  this  a  shell  vial  was  tightly  fitted. 
When  the  weevils  emerged,  being  positively  phototropic,  they  col- 
lected in  these  tubes  and  could  be  handled  and  removed  easily. 
Before  relying  on  these  cages,  it  was  first  definitely  established  that 
the  weevil  development  in  them  was  the  same  as  in  the  more  nearly 
normal  ''square"  cages,  provided  the  squares  were  allowed  to  remain 
on  the  plants  in  the  field  until  they  dropped. 

First-brood  weevils  were  placed  in  field  cages  in  the  same  way  as 
the  overwintered  weevils  and  watched  in  the  same  manner.  Yellow 
tags  were  used  to  mark  squares  punctured  by  them.  Since  these 
first-brood  weevils  were  always  very  numerous,  other  experiments 
were  made  with  them;  for  instance,  to  determine  how  they  reacted 
when  fed  only  on  bolls.  Females  of  this  brood  began  egg  deposition 
in  bolls  when  squares  began  to  get  scarce.  Bolls  containing  eggs 
were  tagged  in  the  same  way  as  infested  squares,  except  that  a  ring 
was  made  around  the  puncture  in  the  hull  of  the  boll  by  using  the 
end  of  a  sharp  pencil,  so  that  the  next  day  the  egg  would  not  be 
recounted.  (Fig.  4.)  Since  these  bolls  usually  did  not  fall  off  the 
plant,  weevil  development  in  them  had  to  be  watched-  differently 
from  that  in  the  squares.     About  a  week  before  they  were  due  to 
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Figure  3.— A,  field  cage  used  in  life-history  studies,  showing  tagged,  weevil-infested  squares 
within;  B,  cages  used  at  first  in  the  study  of  weevil  development.  Later  these  were  replaced  by 
breeding  boxes  in  the  insectary 
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open  they  were  picked  from  the  plants,  brought  into  the  insectary, 
and  placed  in  bell  jars.  Each  day  they  were  examined,  and  any 
weevil  that  emerged  was  recorded  and  the  boll  from  which  it  emerged 
was  noted.  The  emergence  hole  was  plugged  up  with  cotton  so  as 
not  to  be  mistaken  for  a  later  weevil  exit  hole. 

Second-brood  weevils  were  also  very  numerous,  and  the  bolls  and 
squares  they  punctured  were  labeled  with  red  tags.  Third-brood 
adults  were  usually  few  in  number,  as  compared  with  the  adults  of 
the  two  preceding  broods,  and  green  tags  were  used  for  them. 


Figure  4.— Cotton  boll  showing  marked  egg  punctures 
STUDIES   OF    1924 

In  1924  the  first  weevils  emerged  from  hibernation  in  cages  on 
March  31  and  the  last  one  June  25.  Emergence  was  light  and  scat- 
tered throughout  this  period,  but  the  heaviest  emergence  occurred  from 
May  23  to  June  2,  when  23  of  the  total  of  75  survivors  issued. 
(Fig.  5.) 

There  was  a  maximum  of  four  generations  in  1924.  The  first  was 
large,  practically  all  eggs  being  laid  when  squares  were  plentiful. 
Conditions  for  development  were  ideal,  as  there  were  frequent  rains 
during  this  period  and  a  high  percentage  of  cloudy  days.  Oviposition 
by  the  overwintered  weevils  began  June  21  in  the  field  cages,  but  in 
one  field  planted  unusually  early  it  began  at  least  as  early  as  June  9. 
Egg  deposition  by  the  overwintered  females  continued  until  August 
11,  and  a  few  males  lived  until  September  1.  The  peak  of  oviposition 
occurred  July  1 ,  and  a  second  high  point  was  reached  July  13.    (Fig.  6.) 
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First-brood  adults  emerged  from  June  26  to  August  18.  (Fig.  7.) 
One  was  reared  from  a  boll  September  30.  Oviposition  by  this  brood 
extended  from  July  9  to  October  2.  After  the  middle  of  August  the 
rate  of  egg  deposition  slowed  up  considerably,  owing  to  a  scarcity 
of  squares  and  young  bolls.    The  peak  was  reached  July  21.     (Fig.  8.) 
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FiGUBE  6.— Daily  emergence  of  the  boll  weevil  from  hibernation  cages,  and  average  daily 
temperature,  Florence,  S.  C,  1924 

Second-brood  weevils  issued  from  July  24  to  October  29.  (Fig. 
9,  A.)  The  emergence  was  scattered  after  August  27,  owing  to  the 
fact  that  eggs  laid  in  bolls  in  August  did  not  produce  adults  until 
September  and  October.  Emergence  from  bolls  came  between  Septem- 
ber 1  and  October  29.  The  oviposition  period  extended  from  August  1 
to  October  9,  the  peak  being  reached  August  19.  (Fig.  9,  B.)  At  no 
time  was  the  egg  deposition  as  heavy  as  that  by  females  of  either 
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the  overwintered  or  the  first  brood.  After  September  1,  e^^g  laying 
was  retarded,  owing  to  the  unusually  cool,  rainy  weather,  as  well  as 
the  lack  of  uninfested  squares. 

Third-brood  adults  issued  from  August  17  to  November  14.  (Fig. 
10,  A.)  Most  of  the  eggs  of  this  brood  had  been  deposited  in  bolls, 
and  emergence  from  these  occurred  from  August  21  to  October  20. 


S  20  25 

'JULY 


9 

AUGUST 


Figure  6.— Deposition  of  eggs  by  the  overwintered  brood  of  the  boll  weevil,  and  average  daily 
temperature,  Florence,  S.  C,  1924 


The  oviposition  period  of  this  brood  extended  from  August  22  to 
October  24,  the  peak  occurring  September  2.  (Fig.  10,  B.)  Owing 
to  very  unfavorable  plant  conditions,  oviposition  was  light  and 
scattered. 

Only  a  few  fourth-brood  weevils  were  reared,   the  first  issuing 
September  12  and  the  last  October  31.     (Fig.  11.)     There  was  no 
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Figure  7.— Emergence  of  the  first  brood  of  the  boll  weevil,  Florence,  S.  C,  1924 
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Figure  «.— Deposition  of  eggs  by  the  first  brood  of. the  boll  weevil,  Florence,  S.  C. 


BIOLOGY   OF  THE   COTTON  BOLL  WEEVIL  AT  FLORENCE,  S.  C.  15 

egg  deposition  by  this  brood.     The  seasonal  history  for  1924  is  shown 
in  Figure  12. 

Weevils  began  to  leave  cotton  fields  in  large  numbers  for  hiber- 
nation in  late  October,  the  movement  starting  during  the  cool  spell 


seorEMBCa 


Figure  d.—A,  emergence  of  the  second  brood  of  the  boll  weevil,  Florence.  S.  C,  1924;  B,  deposi- 
tion of  eggs  by  the  second  brood  of  the  boll  weevil,  Florence,  S.  C,  1924 

of  October  22  to  25,  when  a  light  frost  occurred.  In  some  places 
the  frost  was  heavy  enough  to  kill  cotton,  but  in  most  locahties  no 
damage  resulted.     The  first  general  killing  frost  came  November  19. 
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Figure  10.— A,|emergence  of  the  third  brood  of  the  boll  weevil,  Florence,  S.  C,  1924;  B,  deposition 
of  eggs  by  the  third  brood  of  the  boll  weevil,  Florence,  S.  C,  1924 
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STUDIES    OF    1925 

Emergence  from  hibernation  in  1925  was  prolonged  and  heavy, 
beginning  March  6  and  extending  to  July  1.     (Fig.  13,  A.)     The  peak 
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Figure  11.— Emergence  of  the  fourth  brood  of  the  boll  weevil,  Florence,  S.  C,  1924 
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Figure  12.— Seasonal  history  of  the  cotton  boll  weevil,  Florence,  S.  C,  1924, 
vations  on  weevils  in  cages  in  the  field  and  laboratorv 


as  determined  by  obser- 


was  reached  April  24.  According  to  trap-crop  records,  the  migration 
of  the  overwintered  weevils  to  the  cotton  fields  extended  from  Mav  14 
to  July  6. 

As  in  1924,  there  was  a  maximum  of  four  generations.     The  first 
was  not  large,  owing  to  dry  weather  and  temperatures  above  normal 
33095°— 29 2 
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during  June  and  early  July,  which  caused  a  high  mortality  among  all 
immature  stages  except  the  egg.     Oviposition  by  the  overwintered 


Figure  13.— A,  daily  emergence  ofthe  boll  weevil  from  hibernation  cages,  Florence,  S.  C,  1925;  B, 
deposition  of  eggs  by  the  overwintered  brood  of  the  boll  weevil,  Florence,  S.  C,  1925 

brood  extended  from  June  9  to  July  17.     The  peak  of  egg  deposition 
was  reached  June  23.     (Fig.  13,  B.) 
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Emergence  of  the  first  brood  continued  from  July  1  to  August  17. 
(Fig.  14,  A.)  No  adults  were  reared  from  bolls.  Egg  deposition  by 
this  brood  occurred  from  July  6  to  August  28,  and  was  heavy  up  to 
August  11.  (Fig.  14,  B.)  After  this  date  it  was  light  and  scattered 
owing  to  a  drought  and  subsequent  lack  of  squares  and  young  bolls. 
The  peak  of  oviposition  was  reached  August  1. 


Figure  14. 


■A.,  emergence  of  the  first  brood  of  the  boll  weevil,  Florence,  S.  C,  1925;  B,  deposition 
of  eggs  by  the  first  brood  of  the  boll  weevil,  Florence,  S.  C,  1925 


Second-brood  adults  issued  from  July  23  to  October  4,  the  peak 
being  reached  August  5.  (Fig.  15.)  Emergence  was  more  or  less 
light  and  scattered,  owing  to  high  prevailing  temperatures  at  that  time 
w^hich  caused  a  heavy  mortality  of  the  immature  stages.  Emergence 
from  bolls  extended  from  August  28  to  October  4,  but  was  heaviest 
from  August  28  to  September  10.     The  ovipositioii  period  for  second- 
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brood  weevils  extended  from  August  3  to  September  3,  then  ceased 
entirely,  owing  to  the  lack  of  squares  and  young  bolls.     (Fig.  16.) 
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Figure  15.— Emergence  of  the  second  brood  of  the  boll  weevil,  Florence,  S.  C,  1925 

Third-brood  weevils  issued  from  August  20  until  September  23. 
(Fig.  17,  A.)  Emergence  from  squares  was  light,  however,  and  no 
records  of  emergence  from  this  source  were  obtained  after  Septem- 
ber 12.  Adults  issued 
from  bolls  from  Sep- 
tember 5  to  23.  Wee- 
vils of  this  brood  ma- 
tured at  a  time  when 
there  were  no  squares 
or  young  bolls  present 
owing  to  the  excessively 
hot  dry  weather,  so  there 
was  little  opportunity 
for  oviposition,  only  one 
record  being  obtained, 
September  3.  When 
squares  began  to  be  de- 
veloped again,  weevils 
of  this  brood  started 
egg  laying  on  Septem- 
ber 24  and  continued 
until  October  23.  (Fig. 
17,  B.)  The  peak  was 
reached  September  29. 
Oviposition  was  light  as 
compared  with  that  of 
the  preceding  broods. 

Very  few  fourth-brood 
weevils  were  reared ;  the 
first  emerged  October  19  and  the  last  November  28.  (Fig.  18.) 
There  was  no  egg  deposition  by  this  brood.  The  seasonal  history  of 
the  boll  weevil  for  1925  is  shown  in  Figure  19. 
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Figure  16.— Deposition  of  eggs  by  the  second  brood  of  the  boll 
weevil,  Florence,  S.  C,  1925 
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In  1925  systematic  collections  of  squares  were  made  from  a  number 
of  fields  each  week,  and  these  squares  were  dissected  to  determine  the 
proportion  of  stages  present  at  that  time.  Adults  were  not  found 
until  the  collections  made  July  2  and  3  were  examined.  At  this  date 
76.74  per  cent  of  the  live  stages  were  larvae,  22.09  per  cent  pupae,  and 
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FiGuiiE  17. — A,  emergence  of  the  third  brood  of  the  boll  weevil,  Florence,  S.  C,  1925;  B, 
deposition  of  eggs  by  the  third  brood  of  the  boll  weevil,  Florence,  S.  C,  1925 

1.16  per  cent  teneral  adults.  This  corresponded  closely  with  breed- 
ing-cage emergence  records,  the  first  adults  emerging  from  cages  July 
1.  It  was  impossible,  however,  to  determine  the  number  of  gener- 
ations in  1925,  by  square  dissections,  owing  to  the  overlapping  of  the 
generations  under  field  conditions  and  to  the  migratory  habit  of  the 
weevil. 
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Figure  18.— Emergence  of  the  fourth  brood  of  the  boll  weevil,  Florence,  S.  C,  1925 
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history  of  the  cotton  boll  weevil,  Florence,  S.  C,  1925,  as  determined  by 
observations  on  weevils  in  cages  in  the  field  and  laboratory 
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FiGtTRE  20. — A,  daily  emergence  of  the  boll  weevil  from  hibernation  cages,  Florence,  S.  C. 
B,  deposition  of  eggs  by  the  overwintered  brood  of  the  boll  weevil,  Florence,  S,  C,  1' 
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Figure  21.— A,  emergence  of  the  first  brood  of  the  boll  weevil,  Florence,  S.  C,  1926;  B,  deposi 
tion  of  eggs  by  the  first  brood  of  the  boll  weevil,  Florence,  S.  C,  1926 
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The  first  weevils  were  found  in  hibernation  in  Spanish  moss  collec- 
tions of  September  1  to  3.  Field  comits  did  not  show  any  extensive 
movement  into  hibernation  until  October  13. 

STUDIES    OF    1926 

The  first  weevils  emerged  from  hibernation  cages  March  2,  1926, 
and  the  last  on  June  22.  (Fig.  20,  A.)  As  in  1924,  emergence  was 
light  and  scattered,  there  being  periods  when  no  weevils  were  emerging 
from  the  cages,  followed  by  a  light  emergence  for  several  days. 

There  was  a  maximum  of  four  generations  this  year  as  in  the  preced- 
ing two  years.  Likewise,  as  in  those  years,  the  third  and  fourth 
generations  were  incomplete.     Very  few  adults  of  the  fourth  genera- 
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Figure  22.— A,  emergence  of  the  second  brood  of  the  boll  weevil,  Florence,  S. 
B,  deposition  of  eggs  by  the  second  brood  of  the  boll  weevil,  Florence,  S.  C 


C,  1926; 
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tion  emerged  and  hence  this  generation  was  of  httle  importance. 
The  first  eggs  were  laid  by  the  overwintered  weevils  on  June  15  and 
the  last  on  July  21.     The  peak  was  reached  July  3.     (Fig.  20,  B.) 

Conditions  for  development  of  the  first  generation  w^ere  about 
normal.  First-brood  adults  emerged  from  July  5  to  August  10. 
(Fig.  21,  A.)  Egg  deposition  by  this  brood  extended  from  July  10 
to  August  24.     (Fig.  21,  B.) 

Second-brood  adults  issued  from  July  29  to  September  19,  with  the 
peak  on  July  2.  (Fig.  22,  A.)  Emergence  of  adults  of  this  brood 
from  bolls  occurred  from  August  18  to  September  19.  The  ovi- 
position  period  extended  from  July  31  to  October  1,  the  peak  being 
reached  August  11.     (Fig.  22,  B.)     As  in  other  years,  egg  deposition 
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was  lighter  in  September  than  in  August,  and  the  total  number  of  eggs 
deposited  was  also  less  than  for  the  two  preceding  broods. 
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Figure  23.— Emergence  of  the  third  brood  of  the  boll  weevil,  Florence,  S.  C,  1926 


Figure  24.— Deposition  of  eggs  by  the  third  brood  of  the  boll  weevil,  Florence,  S.  C,  1926 

Third-brood  weevils  issued  from  August  16  to  October  30,  emergence 
from  bolls  taking  place  from  August  29  to  October  19.  (Fig.  23.) 
The  oviposition  period  for  this  brood  extended  from  September  1  to 
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October  21,  with  the  peak  on  September  30.     (Fig.  24.)     Oviposition 
was  Ught  as  compared  with  that  of  the  other  broods. 


Figure  25.— Emergence  of  the  fourth  brood  of  the  boll  weevil, 
Florence,  S.  C,  1926 
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A  few  fourth-brood  weevils  were  reared  from  October  4  to  November 
8.  (Fig.  25.)  There  was  no  oviposition  by  this  brood.  The  seasonal 
history  for  1926  is  shown  in  Figure  26, 
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Weekly  dissections  of  squares  were  made  during  1926,  but  the 
material  could  not  be  identified  with  definite  generations.  The  first 
collections  were  made  July  8  and  showed  only  one  weevil  emerged 
out  of  134  forms.  This  indicated  that  the  first  generation  had  just 
started  to  emerge.  At  this  date,  80.6  per  cent  of  the  live  stages  were 
larvae,  17.16  per  cent  pupae,  1.49  per  cent  teneral  adults,  and  0.75 
per  cent  had  emerged  as  adults.  The  earliest  first-brood  weevils 
reared  from  squares  in  cage  experiments  emerged  on  July  5,  so  up  to 
this  date  field  data  corresponded  closely  with  cage  records. 

RELATION   BETWEEN   THE   SEASONAL   HISTORY   OF   THE   BOLL 
WEEVIL    AND    THE    GROWTH    OF    THE    COTTON    PLANT 

During  the  three  years  that  the  seasonal  history  of  the  boll  weevil 
was  under  observation,  this  history  was  correlated  with  the  develop- 
ment and  fruiting  of  the  cotton  plant.  In  1925  this  phase  of  the  work 
was  stressed  particularly,  and  weekly  photographs  were  taken  of 
typical  cotton  plants  in  the  same  field  in  which  the  life-cycle  studies 
were  being  conducted.  The  results  of  this  study  are  shown  in  Table  3. 
Only  such  observations  as  were  of  particular  importance  were  included 
in  this  tabulation. 

Table  3. — Comparison  of  seasonal  history  of  the  boll  weevil  and  development  df 
the  cotton  plant,  Florence,  S.  C,  1925 


Date 


Development  of  the  cotton  plant 


Seasonal  history  of  the  boll  weevil 


Apr.  21 
May  29 

June     5 

June  12 

June  20 
July     3 


July 

10 

July 

16 

July 

23 

July 

31 

Aug. 

7 

Aug. 

14 

Aug. 

21 

Aug. 

27 

Sept. 

4 

Sept. 

18 

Sept. 

25 

Cotton  first  up 

Fruiting  branches  of  cotton  had  start- 
ed to  develop,  first  squares  formed. 

Fruiting  branches  well  started,  older 
plant  bearing  5  squares. 

Plants  touching  in  rows,  number  of 
squares  developed  about  doubled. 

Plants  had  started  to  bloom 


Plants  blooming  generally,  and  had 
set  first  bolls. 


Plants  bearing  an  increasing  number 
of  squares,  blooms,  and  bolls. 

Plants  still  bearing  an  increasing  num- 
ber of  forms. 

Plants  at  peak  of  square  production... 


Plants  had  passed  peak  of  square  pro- 
duction and  were  shedding  excess 
fruit. 

Plants  shedding  fruit  profusely  owing 
to  drought  and  weevil  puncturing. 

Plants  had  shed  nearly  all  squares. 
Bolls  opening. 

An  increasmg  number  of  bolls  opening. 


Cotton  picked  once 

Cotton  picked  twice 

Second  growth  of  cotton  started 


Plants  bearing  an  increasing  number 
of  second-crop  squares. 


C0.51  per  cent  weevils  emerged  from  hibernation  cages. 

89.89  per  cent  weevils  emerged  from  hibernation  cages, 
47.01  per  cent  weevils  taken  from  trap  crops. 

96.29  per  cent  weevils  emerged  from  hibernation  cages, 
56.71  per  cent  weevils  taken  from  trap  crops. 

98.18  per  cent  weevils  emerged  from  hibernation  cages, 
66.41  per  cent  weevils  taken  from  trap  crops.  Over- 
wintered females  started  egg  deposition. 

99.76  per  cent  weevils  emerged  from  hibernation  cages, 
98.5  per  cent  weevils  taken  from  trap  crops.  Over- 
wintered females  had  just  passed  peak  of  egg  dep- 
osition. 

All  weevils  had  emerged  from  hibernation  cages,  99.25 
per  cent  had  been  taken  from  the  trap  crops.  Over- 
wintered weevils  continued  egg  deposition.  First 
brood  emerging. 

All  weevils  had  emerged  from  hibernation.  Both  over- 
wintered and  first-brood  weevils  depositing  eggs. 

Most  overwintered  weevils  dead.  First-brood  weevil 
population  in  all  fields  increasing  and  most  of  egg  dep- 
osition is  by  this  brood.    Dispersion  commenced. 

Most  of  weevil  population  was  composed  of  the  first 
brood,  adults  of  which  were  still  emerging  from 
squares.     A  few  second-brood  weevils  developed. 

First-brood  weevils  near  peak  of  egg  deposition.  Emer- 
gence of  both  first  and  second  broods  continuing. 

Emergence  of  first  brood  nearly  over,  but  increasing 

numbers  of  second  brood  emerging.    Egg  deposition 

by  both  broods. 
A  few  first-brood  weevils  still  emerging,  but  large  num- 
bers of  second-brood  adults  emerging.    Most  of  egg 

deposition  in  bolls. 
Emergence  of  weevils  chiefly  of  the  second  brood,  but 

a  few  third-brood  adults  emerging.    Egg  deposition 

mainly  in  bolls. 
Emergence  of  second-brood  weevils  continuing  from 

squares  and  that  of  third  brood  increasing.    All  egg 

deposition  by  first  and  second  brood  femalas. 
Second  brood  emerging  chiefly  from  bolls  and  third 

brood  from  squares.    Very  little  egg  depostiion  and 

this  by  third  brood. 
Emergence  of  weevils  chiefly  from  bolls  and  largely  that 

of  the  third  brood.     Very  little  egg  deposition  by 

third-brood  females. 
Emergence  of  weevils  nearly  over.     Egg  deposition 

resumed  in  late  squares  by  second  and  third  brood 

weevils. 
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Overwintered  weevils  continued  to  be  found  in  the  trap  crops  in 
1925  until  cotton  started  to  bloom,  and  the  earliest  first-brood  adults 
matured  at  or  shortly  after  this  time.  (Fig.  27.)  As  long  as  the  plants 
continued  to  bear  an  increasing  number  of  squares,  the  development 
of  the  weevil  continued  in  an  uninterrupted  manner.  (Fig.  28.) 
Plant  conditions  were  therefore  favorable  for  the  weevil  up  to  and 
shortly  after  the  peak  of  fruit  production,  or  until  August  7.  After 
this  date  most  of  the  egg  deposition  was  in  bolls,  and  this  at  once 
retarded  weevil  oviposition  and  rate  of  development.  The  condition 
of  a  typical  cotton  plant  during  this  period  is  shown  in  Figure  29. 


Figure  27.— Typical  entton  plant  stripi.('(l  oi  leaves  to  show  fruiting  condition  at 
time  of  first  bloom;  photographed  at  Florence,  S.  C,  June  20,  1923 

This  unfavorable  period  extended  from  August  7  to  September  18. 
Although  these  conditions  were  unfavorable  for  adult  weevils,  there 
was  a  continuous  emergence  of  young  weevils  during  this  time,  from 
squares  at  first,  and  after  August  28  largely  from  bolls.  When  the 
characteristic  second  growth  of  cotton  started  (fig.  30),  the  weevils 
present  in  the  field  were  largely  of  the  second  and  third  generations. 
These  started  egg  deposition  in  the  late  crop  of  squares,  thus  produc- 
ing late  individuals  of  the  third  generation  and  also  some  of  a  fourth 
generation.  It  is  thus  seen  that  during  1925  the  seasonal  life  cycle  of 
the  boll  weevil  was  greatly  influenced  by  the  fruiting  of  the  cotton 
plant.    This  was  also  true  in  1924  and  1926. 
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Figure  28.— Typical  cotton  plant  stripped  of  leaves  to  show  large  number  ol  squares  and  bolls 
(latter  tagged)  at  peak  of  fruiting;  photographed  at  Florence,  S.  C,  July  23,  1925 
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Figure  29.— Typical  cotton  plant  stripped  of  leaves  to  show  lack  of  squares  and  young  bolls 
three  weeks  after  peak  of  fruiting;  photographed  at  Florence,  S.  C,  August  14, 1925 
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Figure  30.— Typical  cotton  plant  stripped  of  leaves  to  show  characteristic  second  crop  of  squares; 
photographed  at  Florence,  S.  C,  October  2, 1925 
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LIFE   CYCLE   IN   FIELD   CAGES 

LONGEVITY   OF  OVERWINTERED   WEEVILS  BEFORE  COTTON  IS 
AVAILABLE   FOR   FOOD 

The  average  longevity  without  food  of  overwintered  weevils  that 
emerged  from  hibernation  early,  before  the  cotton  plants  were  up, 
was  determined  as  follows:  Those  issuing  in  March  were  marked  with 
a  red  dye  and  replaced  in  the  cage.  If  recovered  later,  a  note  was  made 
of  this  and  a  second  mark  made.  This  was  continued  as  long  as  the 
weevil  lived  and  was  recovered.  Weevils  emerging  in  April  before 
cotton  came  up  were  marked  in  the  same  way  except  that  a  blue  dye 
was  used  instead.  All  weevils  emerging  from  hibernation  that  were 
not  recovered  later  were  assumed  to  have  lived  one  day.^  The  lon- 
gevity of  those  reappearing  in  the  cages  after  the  dates  of  first  emer- 
gence was  determined  by  the  number  and  color  of  the  marks  on  them. 

The  average  longevity  of  overwintered  weevils  which  had  emerged 
before  cotton  came  up  was  5.65  days,  the  maximum  52,  and  the  mini- 
mum 1  day.  This  was  determined  from  678  records  for  1925  and  1926. 
Comparatively  few  weevils  that  emerged  prior  to  the  appearance  of 
cotton  above  ground  lived  long  enough  to  be  placed  in  field  cages 
over  young  plants.  Those  that  did,  died  within  a  few  days  after 
being  released  in  the  cages. 

Although  the  emergence  of  the  weevil  from  hibernation  in  many 
of  these  cages  occurred  somewhat  earlier  than  in  nature,  it  was  evident 
that  there  was  a  heavy  mortality  among  the  early-emerging  over- 
wintered weevils  and  that  this  further  decreased  the  number  that 
eventually  found  their  way  to  cotton  later  in  the  spring.  As  shown 
later,  many  were  also  able  to  survive  by  rehibernation  until  after 
cotton  was  up. 

LONGEVITY    OF   WEEVILS    WITHOUT   FOOD   IN   THE   FALL 

.On  October  10,  1924,  100  weevils  were  collected  in  the  field  and 
placed  in  cages  without  food  or  water.  A  similar  series  was  started 
October  20  and  another  on  October  30.  In  all  three  cages  weevils 
began  to  die  in  a  few  days,  the  percentage  of  mortahty  increasing 
daily.  On  November  8,  95  per  cent  of  those  in  cages  started  October 
10  were  dead,  and  the  last  succumbed  November  10.  On  November 
10,  77  per  cent  of  those  caged  October  20  were  dead,  and  43  per  cent 
of  those  caged  October  30.  This  test  showed  that  weevils  may  live 
as  long  as  29  days  without  food  or  water  in  the  late  fall.  It  also 
indicated  that  a  part  of  the  rriortality  of  weevils  placed  in  hibernation 
cages  early  was  due  to  the  fact  that  many  of  them  were  not  ready  for 
hibernation  at  this  time.  The  death  of  many  weevils  in  these  early- 
installed  cages  occurred  before  winter  set  in  and  was  caused  by 
starvation. 

LONGEVITY   OF   OVERWINTERED   WEEVILS  IN  YOUNG   COTTON 
BEFORE    IT    FRUITS 

To  ascertain  the  length  of  Hfe  of  the  overwintered  weevils  in  young 
cotton  before  it  began  to  fruit,  those  which  had  just  emerged  from 
hibernation  were  released  in  large  field  cages  over  small  cotton  plants. 

'  Undoubtedly  some  weevils  lived  for  a  few  days  after  having  gone  back  into  hibernation;  consequently 
these  figiures  do  not  give  the  true  average  longevity. 
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As  a  control,  a  similar  test  was  run  in  the  insectary  in  tumblers,  the 
weevils  being  fed  with  cotton  leaves  and  leaf  buds.  This  experi- 
ment, which  was  discontinued  as  soon  as  cotton  began  to  set  its 
first  squares,  was  conducted  during  1925  ai^  1926,  with  weevils 
that  emerged  in  late  April  or  May  before  cotton  began  to  fruit. 

There  was  a  very  heavy  mortality  during  the  first  few  days  after 
emergence  from  hibernation,  and  comparatively  few  individuals 
survived  until  cotton  began  to  fruit.  These  weevils  fed  readily  upon 
the  young  cotton  plants,  destroying  some  of  them.  (Fig.  31.)  The 
average  longevity  from  192  records  was  8.13  days,  and  the  maximum 
40.  At  the  same  time  163  weevils  kept  in  tumblers  in  the  insectary 
and  fed  on  the  same  parts  of  the  cotton  plant  lived  on  an  average 
14.01  days,  and  the  maximum  was  40. 

The  greater  average  longevity  of  weevils  in  tumblers  over  that  of 
those  in  the  field  cages  suggests  that  the  high  mortality  of  the  latter 
was  not  due  to  a  lack  of  squares  upon  which  to  feed  but  to  a  difference 


Figure  31.— Small  cotton  showing  severe  injury  by  weevils,  in  an  experiment  to  determine 
presquare  longevity  of  the  boll  weevil.     This  condition  is  rarely,  if  ever,  found  in  the  field 

in  cage  conditions.  Since  the  same  type  of  cage  has  been  success- 
fully used  for  life-history  experiments  for  three  years  without  such 
a  high  mortality,  it  is  believed  that  the  cage  was  not  alone  responsible. 

LONGEVITY  OF  WEEVILS  IN  COTTON  AFTER  IT  FRUITED 

The  average  longevity  of  adult  boll  weevils  in  fruiting  cotton  in 
the  field  cages,  as  shown  by  the  data  in  Table  4,  was  19.32  days  for 
males  and  15.99  for  females.  The  maximum  for  males  was  82  days 
and  for  females  81.  These  figures  are  based  on  individual  observa- 
tions of  303  males  and  326  females  made  at  different  times  during  a 
3-year  period.  Third-brood  weevils  lived  longer  than  those  of  any 
of  the  other  broods,  males  averaging  25.1  days  and  females  22.21, 
while  those  of  the  fourth  brood  were  the  shortest  lived,  males  averag- 
ing 15.33  days  and  females  9.  The  average  longevity  during  the  three 
years  was  greatest  in  1924  and  least  in  1925.  In  the  former  year 
males  lived  for  an  average  period  of  27.08  days  and  females  22.19, 
while  in  the  latter  year  the  average  was  13.44  days  for  males  and 
10.9  for  females. 
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Table  4. — Longevity  of  the  boll  weevil  in  field  cages,  Florence,  S.  C,  1924,  1925, 

and  1926 


Year 

Males 

Females 

Brood 

Number  of— 

Number  of  days  lon- 
gevity 

Number  of— 

Number  of  days  lon- 
gevity 

Rec- 
ords 

Weevil 
days 

Aver- 
age 

Maxi- 
mum 

Mini- 
mum 

Rec- 
ords 

Weevn 
days 

Aver- 
age 

Maxi- 
mum 

Mini- 
mum 

Overwintered 

First 

1924 

1925 

1926 
1924-1926 

1924 

1925 

1926 
1924-1926 

1924 

1925 

1926 
1924-1926 

1924 

1925 

1926 
1924-1926 

1926 

29 

54 

32 

115 

23 

31 

34 

88 

18 

21 

37 

76 

4 

1 

16 

21 

3 

625 
727 
878 

2,230 
667 
354 
.585 

1,606 
532 
309 
605 

1,446 
180 
48 
299 
527 
46 

21.55 
13.46 
27.44 
19.39 
29.00 
11.42 
17.21 
18.25 
29.56 
14.71 
16.35 
19.03 
45.00 
48.00 
18.69 
25.10 
15.33 

66 
54 
69 

67 
29 
41 
67 
82 
51 
72 
82 
79 
48 
61 
79 
20 

2 
2 
6 

2 
4 
2 
1 
1 
5 
2 
2 

i 

48 
8 
8 

11 

31 

49 

30 

110 

29 

37 

40 

106 

19 

24 

35 

78 

4 

1 

24 

29 

3 

610 
564 
691 

1,765 
667 
353 
516 

1,536 
486 
252 
502 

1,240 
179 
41 
424 
644 
27 

16.45 
11.51 
23.03 
16.05 
23.00 

9.54 
12.90 
14.49 
25.58 
10.50 
14.34 
15.90 
44.75 
41.00 
17.67 
22.21 

9.00 

46 
25 
48 
48 
74 
21 
28 
74 
81 
27 
43 
81 
74 
41 
39 
74 
12 

2 
2 
6 
2 
3 
2 

Second 

Third 

1 

1 
4 
2 
3 
2 
3 
41 

Fourth . 

5 
3 
4 

Total   or   aver- 
age 

1924 

1925 

1926 

1924-1926 

74 
107 
122 
303 

2,004 
1,438 
2,413 
5,855 

27.08 
13.44 
19.78 
19.32 

82 
54 
72 
82 

2 
2 
1 
1 

83 
111 
132 
326 

1,842 
1,210 
2,160 
5,212 

22.19 
10.90 
16.36 
15.99 

81 
41 
48 
81 

2 
2 
1 

1 

The  data  on  longevity  are  based  upon  all  records,  whether  the 
weevil  lived  only  one  day,  or  escaped  later,  or  was  killed  by  spiders, 
or  whether  it  lived  for  what  appeared  to  be  the  natural  span  of  life. 
Since  the  weevils  are  exposed  to  all  sorts  of  enemies  in  the  field,  this 
average  is  probably  very  nearly  that  in  nature.  Comparisons  of 
longevity  in  the  different  years  show  clearly  the  effect  of  temperature. 
The  season  of  1924  was  favorable  for  the  weevil,  resulting  in  the  long- 
est average  length  of  life,  whereas  excessively  high  temperatures  in 
1925  caused  a  very  great  mortality  in  the  cages  and  reduced  the  aver- 
age longevity.  There  was  considerable  yearly  variation  in  the  longev- 
ity of  the  overwintered,  first-brood,  and  second-brood  weevils,  but 
the  averages  for  the  three  years  are  about  the  same,  weevils  of  the 
first  brood  living  about  one  day  less  than  the  others.  The  longevity 
of  the  third-brood  weevils  was  much  greater  than  that  of  any  of  the 
others.  This  was  due  to  the  fact  that  many  of  these  weevils  were 
developed  in  late  summer  and  early  fall,  when  the  weather  was  much 
cooler,  and  this  retarded  all  activities,  as  shown  later.  The  compara- 
tively short  longevity  for  the  few  fourth-brood  weevils  was  due  to 
the  fact  that  they  matured  late  and  had  only  a  short  feeding  period 
before  frost.     None  of  these  survived  the  winter. 


PREOVIPOSITION    PERIOD 

The  average  preoviposition  period  in  field  cages,  determined  from 
240  records,  was  found  to  be  7.21  days,  with  a  maximum  of  31  and 
and  minimum  of  1.  (Table  5.)  The  yearly  average  varied  from  7.71 
days  in  1924  to  6.91  in  1926.  Third-brood  females  had  the  highest 
average  preoviposition  period,  which  was  13.27  days.  The  lowest 
average  was  5.58  days,  for  first-brood  females. 
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Table  5. — Preoviposition  period  of  the  boll  weevil  in  field  cages,  Florence, 

1924,  1925,  and  1926 

s.  c, 

Brood 

Year 

Number  of— 

Number  of  days  before 
oviposition 

Records 

Weevil 
days 

Aver- 
age 

Maxi- 
mum 

Mini- 
mum 

1924 
1      1925 
1      1926 

1924-1926 

1924 
1      1925 
1      1926 

1924-1926 

1924 
I      1925 
1      1926 

1924-1926 
f      1924 
J      1925 
1      1926 

1924-1926 

20 
28 
22 
70 
21 
24 
38 
83 
20 
15 
26 
61 
4 
10 
12 
26 

187 
167 
225 
679 
156 
114 
193 
463 
117 

89 
137 
343 

41 
182 
122 
345 

9.35 
5.96 
10.23 
8.27 
7.43 
4.75 
5.08 
5.58 
5.85 
5.93 
5.27 
5.62 
10.25 
18.20 
10.17 
13.27 

18 
16 
15 
18 
15 

7 
10 
15 
13 
15 

9 
15 
24 
31 
18 
31 

2 

1 

First                                                     

6 

1 
3 
3 

Second - 

3 
3 
2 
3 

Third 

2 

2 
5 
1 
4 

1 

Total  or  average 

f      1924 
I      1925 
1      1926 
(1924-1926 

65 

77 
98 
240 

501 

552 

677 

1,730 

7.71 
7.17 
6.91 
7.21 

24 
31 
18 
31 

2 

1 

1 

The  preoviposition  period  of  overwintered  weevils  is  computed 
from  the  date  of  appearance  of  the  first  noticeable  square,  which 
in  reality  is  about  5  days  old,  to  the  time  when  the  first  egg  is  de- 
posited.^ That  of  the  wintered  weevils  averaged  about  three  days 
longer  than  that  of  either  the  first-brood  or  second-brood  weevils. 
This  was  because  the  overwintered  weevils  had  access  at  first  to 
very  small  squares  only,  whereas  weevils  of  subsequent  broods,  upon 
emerging,  found  large  squares  and  bolls  to  feed  upon.  The  gradual 
change  of  feeding  from  the  leaf  buds  to  the  squares  probably  had 
some  effect  on  the  overwintered  weevils.  Furthermore,  comparatively 
few  squares  are  available  at  the  first  of  the  season.  The  preoviposition 
period  of  both  the  first  and  second  brood  weevils  averaged  shorter 
than  that  of  the  other  broods.  At  the  time  most  of  these  weevils 
mature  the  plants  are  heavily  fruited,  thus  providing  an  abundance 
of  suitable  food,  and  this  fact,  together  with  the  high  temperatures, 
is  favorable  for  a  rapid  development  of  the  eggs  in  the  ovaries.  The 
long  average  preoviposition  period  of  the  third-brood  weevils  was 
due  partly  to  the  fact  that  they  were  obliged  to  feed  largely  on  bolls, 
and  this  lengthened  the  period,  as  shown  later.  Since  the  period  was 
also  lengthened  for  the  third  brood  in  the  insectary  where  plenty  of 
squares  were  provided,  it  is  evident  that  this  longer  preoviposition 
period  was  not  entirely  due  to  a  lack  of  squares  on  the  plants. 

The  average  preoviposition  period  of  approximately  8  days  for  the 
overwintered  weevils  is  significant  when  early  poisoning  operations 
against  these  weevils  are  considered.  It  means  that  very  little  egg 
deposition  will  occur  before  6  to  10  days  after  the  appearance  of  the 
first  noticeable  squares,  depending  upon  the  season.  Since  a  square 
must  be  at  least  5  days  old  before  it  is  large  enough  to  be  attractive  to 
the  overwintered  female  boll  weevil,  and  since  after  this  a  minimum 
period  of  6  days  must  elapse  before  the  first  Qgg  is  deposited,  this 


8  This  does  not  represent  the  true  preoviposition  period,  since  these  females  had  emerged  the  preceding 
fall. 
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means  that  the  oldest  squares  in  any  field  will  be  at  least  1 1  days  old 
before  the  first  oviposition  occurs.  For  the  first  and  second  broods 
the  interval  between  emergence  of  the  weevil  and  the  deposition  of  its 
first  eggs  is  shorter,  averaging  somewhat  less  than  6  days.  In  con- 
sidering late  applications  of  poisons,  this  indicates  that  all  weevils 
emerging  from  squares  after  the  poison  has  been  applied  will  begin 
to  oviposit  in  about  6  days,  if  not  killed  by  the  poison  present. 

OVIPOSITION    PERIOD 

In  field  cages  the  average  oviposition  period  was  12.66  days  and 
the  maximum  was  70.  This  was  ascertained  from  observations  on 
248  females  during  three  years.  (Table  6.)  The  yearly  average 
ranged  from  18.74  days  in  1924  to  10.22  in  1925.  Third-brood  weevils 
had  the  longest  average  oviposition  period,  which  was  13.55  days, 
and  the  shortest  was  11.82  for  first-brood  females. 


Table  6. — Oviposition  period  of  the  boll  weevil  in  field  cages,  Florence*  S.  C. 

1925,  and  1926 


1924, 


Brood 

Year 

Num- 
ber of 
records 

Number  of  days  of 
oviposition 

Aver- 
age 

Maxi- 
mum 

Mini- 
mum 

Overwintered 

f    1924 
1     1925 
1     1926 
11924-1926 
1     1924 
1     192,5 
1     1926 
[1924-1926 
i     1924 
1     1925 

1926 
1924-1926 

1924 

1925 

1926 
1924-1926 

21 
28 
24 
73 
21 
24 
38 
83 
20 
15 
26 
61 
4 
10 
17 
31 

16.  "57 
11.04 
13.29 
13.37 
20.29 
9.29 
8.74 
11.82 
16.90 
9.13 
11.04 
12.49 
31.30 
11.80 
10.41 
13.55 

43 
24 
34 
43 

if 

25 
38 
70 
24 
39 
70 
63 
29 
25 
63 

First .— 

Second 

Third 

Total  or  average      .  .  ..  

f     1924 
1     1925 
1     1926 
[1924-1926 

66 
77 
105 
248 

18.74 
10.22 
10.62 
12.66 

70 
29 
39 
70 

There  were  no  marked  differences  in  the  comparative  average 
lengths  of  the  oviposition  periods  of  the  different  broods.  The 
maxima  show,  however,  that  females  of  the  second  and  third  broods 
may  have  a  longer  oviposition  period  than  that  of  the  other  broods. 
The  average  for  1924  was  approximately  eight  days  longer  than  that 
for  1925  and  1926,  showing  again  that  the  growing  season  of  1924  was 
more  favorable  for  the  boll  weevil. 

FECUNDITY 

It  was  determined,  from  records  made  during  the  three  years  on 
female  weevils  of  all  broods  in  field  cages,  that  the  average  number  of 
eggs  deposited  per  female  was  81.21.  (Table  7.)  During  this  period 
the  total  number  of  eggs  deposited  per  female  ranged  all  the  way 
from  1  to  440.     The  yearly  average  varied  from  1 13.89  eggs  per  female 
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in  1924  to  63.71  in  1926.  First-brood  weevils  had  the  greatest  aver- 
age fecundity,  111.66  eggs,  and  the  lowest  was  33.52  for  third-brood 
females. 


Table  7. 


-Fecundity  of  the  boll  weevil  in  field  cages,  Florence,  S.  C,  1924,  1925, 
and  1926 


Brood 

Year 

Number  of— 

Number   of  eggs   laid 
per  female 

Rec- 
ords 

Eggs 

Aver- 
age 

Maxi- 
mum 

Mini- 
mum 

Overwintered                                                        

1924 

1925 

1926 
1924-1926 

1924 

1925 

1926 
1924-1926 

1924 

1925 

1926 
1924-1926 

1924 

1925 

1926 
1924-1928 

21 
28 
24 
73 
21 
24 
38 
83 
20 
15 
26 
61 
4 
10 
17 
31 

1. 979 

2,734 

1,962 

6,675 

3,776 

2,097 

3,395 

9,268 

1,481 

664 

1,013 

3,158 

281 

438 

320 

1,039 

94.24 
97.64 
81.75 
91.44 

179.  81 
87.38 
89.34 

111.66 
74.  05 
44.27 
38. 96 
51.  77 
70.25 
43.80 
18.82 
33.52 

440 
301 
280 
440 
438 
199 
352 
438 
255 
137 
114 
255 
110 
97 
60 
110 

3 

First 

• 
Second                                         . 

Third. 

Total  or  average 

f      1924 
1925 
1926 
1924-1923 

66 
77 
105 
248 

7,517 

5,933 

6,690 

20, 140 

113.89 
77.05 
63.71 
81.21 

440 
301 
352 
440 

The  variation  in  average  fecundity  of  the  different  broods  is  very 
striking  and  clearly  shows  the  dependence  of  this  insect  upon  plant- 
fruiting  conditions  for  its  development.  The  first-brood  females 
had  the  highest  average  fecundity,  followed  closely  by  the  over- 
wintered females.  This  was  due  to  the  fact  that  most  of  the  weevils 
of  these  two  broods  had  plenty  of  squares  in  which  to  oviposit. 
The  average  fecundity  of  second-brood  females  was  approximately 
one-half  of  that  of  the  preceding  broods,  and  this  was  due  largely  to 
the  fact  that  much  of  the  oviposition  was  in  bolls.  The  influence 
of  the  latter  fact  is  shown  even  more  strikingly  in  the  fecundity  of 
the  third  brood.  While  early-emerged  second-brood  females  had 
plenty  of  squares  in  which  to  oviposit,  practically  all  third-brood 
females  had  little  else  than  bolls,  and  moreover  these  were  older  and 
much  less  favorable  for  egg  deposition,  as  already  shown. 

The  difference  in  the  yearly  averages  again  shows  that  1924  was 
the  most  favorable  season  for  weevil  reproduction.  The  fecundity 
of  the  boll  weevil  is  not  great  when  compared  with  that  of  many 
other  insects,  but  this  is  more  than  counteracted  by  the  fact  that 
the  eggs  are  placed  within  the  square  or  boll  where  natural  enemies 
can  not  get  at  them  easily. 

RATE    OF    EGG    DEPOSITION 

In  the  field  cages  the  average  daily  oviposition  per  female  was 
6.42  eggs,  and  the  maximum  33.  This  was  ascertained  from  the 
records  of  deposition  of  20,140  eggs  during  the  3-year  period. 
(Table  8.)  The  yearly  average  ranged  from  7.54  eggs  per  day  in 
1925  to  6  in  1926.  The  highest  daily  average  rate  of  egg  deposition 
was  9.45  for  first-brood  females,  and  the  lowest  was  2.47  for  those 
of  the  third  brood. 
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Table  8. — Average  number  of  eggs  laid  per  day  by  the  boll  weevil  in  field  cages, 
Florence,  S.  C,  1924,  1925,  and  1926 


Brood 


Overwintered. 


First. 


Second. 


Third- 


Total  or  average. 


Year 

Weevil 
days 

Eggs  laid 

Average 
eggs  per 

Number 

Number 

Number 

1924 

348 

1,979 

5.09 

1925 

309 

2,734 

8.85 

'      1926 

319 

1,962 

6.15 

1924-1926 

976 

6,675 

6.84 

1924 

426 

3,776 

8.86 

1925 

223 

2,097 

9.40 

1926 

332 

3,395 

10.23 

1924-1926 

981 

9,268 

9.45 

1     1924 

338 

1,481 

4.38 

J     1925 

137 

664 

4.85 

1925 

287 

1,013 

3.53 

11924-1926 

762 

3,158 

4.14 

f     1924 

125 

281 

2.25 

J     1925 

118 

438 

3.71 

1     1926 

177 

320 

1.81 

11924-1926 
f    1924 

420 

1,039 

2.47 

1,237 

7,517 

6.08 

J     1925 

787 

5,933 

7.54 

1     1926 

1,115 

6,690 

6.00 

(1924-1926 

3,139 

20,140 

6.42 

The  variation  in  rate  of  oviposition  by  females  of  the  different 
broods  shows,  as  strikingly  as  does  the  variation  in  average  fecundity, 
the  extent  to  which  the  weevil  is  dependent  upon  the  fruiting  char- 
acteristics of  the  cotton  plant  for  its  development.  The  highest 
daily  record  of  oviposition  was  by  first-brood  females,  and  the  second 
highest  by  overwintered  females.  These  weevils  not  only  laid  the 
most  eggs  but  deposited  these  at  a  more  rapid  rate.  The  average  for 
second-brood  weevils  fell  considerably  below  that  of  the  preceding 
broods,  while  that  of  the  third  brood  was  still  lower.  The  same 
explanation  holds  true  for  this  as  for  the  fecundity,  namety,  the 
presence  or  lack  of  a  plentiful  supply  of  squares  on  the  plants.  As 
soon  as  the  peak  of  square  production  has  been  passed  and  females 
have  to  oviposit  largely  in  bolls,  their  fecundity  is  lowered,  and  the 
rate  of  egg  deposition  is  retarded,  as  is  shown  on  page  48. 

DEVELOPMENT    OF    WEEVIL    IN    COTTON    SQUARES 

The  average  developmental  period  of  the  boll  weevil  in  squares  in 
the  field  cages  for  three  years  is  shown  in  Table  9.  It  ranged  from 
17.63  days  for  the  second  generation  to  33.55  days  for  the  fourth.  The 
shortest  yearly  average  development  was  17.47  days  in  1926,  and  the 
longest  was  19.99  in  1925.  For  all  generations,  this  period  averaged 
18.3  days  at  an  average  mean  temperature  of  80.98°  F.  and  an  average 
mean  relative  humidity  of  73.79  per  cent.  These  averages  were 
determined  from  1,661  records. 

The  shortest  average  development  occurred  in  the  first  and  second 
generations  under  an  average  mean  temperature  of  about  81°  F. 
and  an  average  mean  relative  humidity  of  74  per  cent.  That  of  the 
third  generation  was  19.78  days,  approximately  2  days  longer.  This 
was  due  to  the  fact  that  in  1924  this  generation  averaged  22.49  days 
in  its  development,  owing  to  a  lower  average  mean  temperature, 
76.46°.  The  average  development  of  the  fourth  generation  was  the 
longest  because  of  the  low  average  mean  temperature,  which  was 
67.38°, 
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Table  9. — Developmental  period  of  the  boll  weevil  in  squares  in  field  cages, 
Florence,  S.  C,  1924,  1925,  and  1926 


Generation 

Year 

Records 

Weevil 
days 

Average 
period  of 
develop- 
ment 

Average 
mean 

tempera- 
ture 

Average 

mean 

relative 

humidity 

First 

f    1924 
J     1925 
1     1926 
(1924-1926 
f     1924 
1     1925 
1     1926 
[1924-1926 
f     1924 
1     1925 
1     1926 
[ 1924-1926 
(     1924 
I     1925 
1     1926 
[1924-1926 

{    1924 
I     1925 
1     1926 
[1924-1926 

Number 

166 

58 

447 

671 

256 

159 

392 

807 

53 

27 

54 

134 

10 

26 

13 

49 

485 

270 

906 

1,661 

Number 

2,940 

1,031 

7,902 

11,  873 

4,753 

2,  856 

6,  621 

14,  230 

1,192 

511 

948 

2,651 

289 

999 

356 

1,644 

Days 
17.71 
17.78 
17.68 
17.69 
18.  57 
17.96 
16.89 
17.63 
22.49 
18.93 
17.56 
19.78 
28.90 
38.42 
27.38 
33.  55 

°F. 
79.53 
81.59 
82.01 
81.36 
79.61 
80.70 
83.33 
81.63 
76.46 
81.00 
82.55 
79.83 
71.26 
62.35 
73.29 
67.38 

Per  cent 

75.38 
74.  76 

Second-        .      .  .  _    . 

73.  36 
73.98 
74.07 
68.23 

Third        .  . 

74.  55 
74.00 
74.09 
67.65 

Fourth 

73.82 
72.68 
73.59 
72.27 

69.97 
71.90 

Total  or  average, 

9,174 

5,397 

15,  827 

30.  398 

18.92 
19.99 
17.47 
18.30 

79.06 
79.34 

82.49 
80.98 

74.51 
70.12 

73.85 
73.79 

It  appears  that  the  earhest  first-brood  weevils  will  not  appear  in 
any  cotton  field,  regardless  of  when  it  is  planted,  until  about  the  time 
or  shortly  after  the  first  blooms  appear.  (See  Table  3.)  This  conclu- 
sion is  reached  by  taking  into  account  the  following  facts:  (1)  The 
minimum  developmental  period  of  this  generation  is  14  days,  to  which 
must  be  added  the  minimum  preoviposition  period  of  6  days  for 
overwintered  weevils,  and  the  5  days  that  must  elapse  between  the 
inception  of  the  fruiting  bud  and  the  time  it  becomes  suitable  as 
food  for  the  weevils;  (2)  from  25  to  26  days  is  the  minimum  length  of 
time  (after  the  inception  of  the  fruiting  bud)  in  which  a  square  will 
bloom. 


DEVELOPMENT  OF  WEEVIL  IN  COTTON  BOLLS 

The  developmental  period  is  greatly  lengthened  in  bolls  as  compared 
with  that  in  squares.  In  young  bolls  it  is  shorter  than  in  old  ones. 
During  the  3-year  period  it  ranged  from  17  to  94  days,  averaging  32,31 
from  310  records. 

The  average  developmental  period  in  bolls  of  approximately  32 
days,  when  compared  with  the  length  of  time  it  takes  a  boll  to  open 
(which  is  about  40  days  for  early  bolls),  indicates  that  at,  or  shortly 
prior  to,  the  opening  of  the  first  cotton  in  a  field  the  weevils  will 
begin  to  emerge  from  the  bolls  in  that  field.  When  an  infested  boll 
opens,  most  of  the  weevils  developed  in  it  are  mature  and  ready  to 
emerge  or  have  already  issued.  Cases  have  been  noted,  however,  in 
which  weevils  were  still  in  the  larval  or  pupal  stage  when  the  boll 
opened  and  were  thus  exposed  to  natural  enemies.  On  the  other  hand, 
when  a  weevil  matures  before  the  boll  opens,  it  is  often  able  to  cut 
its  way  out.  Dead  weevils  have  also  been  observed  in  bolls  which 
had  hardened  and  never  opened,  showing  that  they  had  died  without 
being  able  to  get  out. 
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EFFECTS    OF    TEMPERATURE    AND    HUMIDITY    UPON    WEEVIL 

DEVELOPMENT 

During  three  years  it  was  found  that  the  period  of  development 
in  squares  under  field  conditions  ranged  from  9  to  60  days.  Most  of 
the  records  ranged  from  13  to  23  days,  the  periods  recurring  with 
greatest  frequency  being  those  from  15  to  20  days.  Individual  records 
of  16  days  were  more  numerous  than  those  of  any  other  period. 
(Fig.  32.)  When  the  weevil  went  through  its  transformations  in 
from  9  to  22  days,  the  average  mean  temperature  for  development 
ranged  from  80.22°  to  84.14°  F.    In  general,  with  a  decrease  in  the 
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Figure  32.— Range  in  length  of  developmental  period  of  the  boll  weevil  in  cotton  squares  in  the 
field,  and  the  number  of  records  of  different  periods  compared  with  the  average  mean  temper- 
ature and  average  mean  relative  humiditj';  Florence,  S.  C,  1924,  1925,  and  1926 

mean  temperature,  there  was  a  lengthening  of  the  developmental 
period.  However,  there  was  a  considerable  range  in  the  length  of 
the  period  of  development  at  the  same  mean  temperature,  showing 
that  there  was  a  variation  dependent  upon  some  other  factor.  Mean 
relative  humidity  between  68  and  77  per  cent  apparently  played  a 
small  part  in  the  length  of  the  period  of  weevil  development. 


LIFE   CYCLE   IN   THE   INSECTARY 

The  life  cycle  of  the  boll  weevil  in  the  insectary  was  determined 
by  placing  pairs  of  adults  in  glass  tumblers,  in  the  bottom  of  which 
dampened  sphagnum  moss  was  kept.  Such  weevils  were  under 
daily  observation  during  three  seasons  and  were  provided  at  all 
times  with  freshly  picked  squares. 
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LONGEVITY 

The  average  longevity  of  the  boll  weevil  under  these  conditions 
for  three  years  is  shown  in  Table  10.  For  380  males  the  average 
was  64.39  days,  and  the  maximum,  including  hibernation,  was  250; 
for  386  females  the  average  was  57.79  days,  and  the  maximum  140. 
The  yearly  average  for  males  ranged  from  70.54  davs  in  1924  to 
59.17"^  in  1925;  and  for  females  from  63.33  days  in  1926  to  49.88  in 
1925.  First-brood  males  lived  for  the  longest  time,  the  average 
being  73.21  days,  whereas  second-brood  females  had  the  greatest 
longevity,  averaging  65.16  days.  The  shortest  length  of  life  was 
found  for  fourth -brood  weevils,  the  average  being  26.43  days  for 
males  and  16.73  for  females. 


Table  10. 


-Longevity  of  the  boll  weevil  in  tumblers  in  the  insectary,  Florence,  S.  C, 
1924,  1925,  and  1296 


Year 

Males 

Females 

Brood 

Number  of— 

Number  of  days 
longevity 

Number  of— 

Number  of  days 
longevity 

Rec- 
ords 

Weevil 
days 

Aver- 
age 

Maxi- 
mum 

Mini- 
mum 

Rec- 
ords 

Weevil 
days 

Aver- 
age 

Maxi- 
mum 

Mini- 
mum 

Overwintered 

First 

f    1924 
J     192i 
1     1926 
1924-1926 
f     1924 
J     1925 
1     1926 
1924-1926 

1924 
1     1925 
1     1926 
1924-1926 

1924 
1     1925 
1     1926 
[1924-1926 

1924 

1925 
■      1926 
1924-1926 

f     1G24 
1925 
1926 
1924-1926 

12 
37 
11 
60 
63 
31 
33 

117 
33 
43 
52 

128 
12 
24 
11 
47 
6 

1, 243 
1,792 

935 
3,970 
3,609 
1,813 
3,143 
8,  565 
1,941 
3,243 
3,564 
8,748 

699 
1,140 

605 
2,444 

691 

103.  58 
48.43 
85.00 
66.17 
68.09 
58.  48 
95.24 
73.21 
58.82 
75.42 
68.54 
68.34 
58.25 
47.50 
55.00 
52.00 

115.  17 

153 
110 
163 
163 
133+ 
139+ 
119+ 
139+ 
128+ 
107 
97+ 
128+ 
89+ 
73+ 
76+ 
89+ 
250 

56 
3 

19 
3 
3 
2 

13 
2 
2 

14 

12 
2 

19 
7 
5 
6 

49 

14 
42 
12 
68 
57 
33 
34 

124 
29 
43 
53 

125 
12 
24 
11 
47 
8 

1,061 
1,572 

833 
3,466 
3,139 
1,418 
3,184 
7,741 
2,052 
2,822 
3,271 
8,145 

790 
1,271 

526 
2,587 

329 

75.79 
37.43 
69.42 
50.97 
55.07 
42.97 
93.  65 
62.43 
70.76 
65.  63 
61.72 
65.16 
65.  83 
52.96 
47.82 
55.04 
41.12 

113 
90 
105 
113 
134+ 
140+ 
120+ 
140+ 
99+ 
107+ 
97+ 
107+ 
89+ 
75+ 
78+ 
89+ 
59+ 

27 
6 

16 
6 
2 
2 

6 
2 
2 
12 

Third 

5 
2 
5 
2 

17 
2 
13 

Fourth 

22 

28 

740 

2.23 
26.43 

4+ 
250 

2 
2 

14 
22 

39 

368 

2.79 
16.73 

10+ 
59+ 

2 
2 

Total  or  average 

116 
135 
129 
380 

8,183 

7,988 

8,296 

24, 467 

70.54 
59.17 
64.31 
64.39 

250 
139+ 
163 
250 

2 

2 
2 
2 

120 
142 
124 

386 

7,371 

7,083 

7,  853 

22,  307 

61.43 
49.88 
63.33 
57.79 

134+ 
140+ 
120+ 
140+ 

2 
2 
2 
2 

With  the  exception  of  the  overwintered  brood  (of  which  one  male 
lived  long  enough  to  be  placed  in  hibernation  the  following  fall  in 
1924),  a  large  proportion  of  the  weevils  kept  in  tumblers  were  ahve 
at  the  end  of  the  season.  This  accounts  for  the  difference  in  the  aver- 
age longevity  of  the  different  broods,  with  the  exception  of  the  over- 
wintered brood,  the  late-emerging  weevils  having  a  shorter  time  to 
live  before  frost.  All  weevils  alive  at  the  end  of  the  season  were 
placed  in  hibernation  to  see  if  any  would  survive  until  the  next  year. 
In  1924  each  pair  of  weevils  was  placed  in  Spanish  moss  in  a  cylinder 
of  wire.  These  cylinders  were  all  buried  in  a  heap  of  pine  straw ^  in 
a  cage  located  in  the  woods.  The  following  April  the  cage  was  exam- 
ined and  two  males  of  the  fourth  brood  were  found  ahve.     These 


9  This  is  a  common  and  very  apt  term  used  in  the  South  for  fallen  pine  leaves. 
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were  fed  on  cotton  leaves  but  died  in  a  few  days.  The  next  two  years 
the  weevils  were  placed  in  hibernation  cages  directly  in  the  pine 
straw  when  the  first  killing  frost  occurred.  None  survived  the 
winter. 

PREOVIPOSITION   PERIOD 

The  preoviposition  period  in  the  insectary  is  shown  in  Table  11. 
The  average  was  8.24  days,  with  a  maximum  of  42  and  a  minimum 
of  1.  This  was  determined  from  327  females  during  the  three  years. 
The  yearly  average  ranged  from  9.86  days  in  1924  to  5.81  in  1926. 
The  longest  average  preoviposition  period  was  13  days  for  third-brood 
females  and  the  shortest  w^as  6.4  days  for  those  of  the  first  brood. 


Table  11. 


-Preoviposition  period  of  the  boll  weevil  in  tumblers  in  the  insectary, 
Florence,  S.  C,  1924,  1925,  and  1926 


Brood 

Year 

Number  of— 

Number  of  days  before 
oviposition 

Eecords 

Weevil 
days 

Aver- 
age 

Maxi- 
mum 

Mini- 
mum 

Overwintered 

1924 

1925 

1926 
1924-1928 

1924 

1925 

1926 
1924-1926 

1924 

1925 

1926 
1924-1926 

1924 

1925 

1926 
1924-1926 

1924 

1925 

1926 
1924-1928 

1924 

1925 

1926 

1924-1928 

14 
20 
12 
46 
47 
25 
33 

105 
26 
42 
54 

122 
10 
20 
11 
41 
5 

170 
206 
14fi 
520 
390 
117 
165 
672 
177 
371 
286 
834 
140 
312 
81 
533 
129 

12.14 
10.25 
12.08 
11.30 
8.30 
4.68 
5:00 
6.40 
6.81 
8.83 
5.30 
6.84 
14.00 
15.60 
7.36 
13.00 
25.80 

14 
15 
23 
23 
14 
8 
7 
.    14 
32 
19 
14 
32 
41 
21 
19 
41 
42 

4 
5 

First 

Second 

\ 

3 
3 
3 
4 

2 

Third. 

2 
2 
6 
11 

2 
2 

1 

8 
13 

8 
137 

i.oo 

10.54 

42 

1 
1 

Total  or  average 

102 
107 
118 
327 

1,006 

1,005 

68,5 

2,696 

9.86 
9.39 
5.81 
8.24 

42 
21 
23 
42 

1 
2 
1 
1 

Unlike  weevils  in  the  field  cages,  those  in  the  tumblers  were  pro- 
vided at  all  times  with  squares.  Thus  the  variation  in  the  pre- 
oviposition period  of  the  different  broods  in  the  insectary  was  not 
due  to  any  influence  that  the  fruiting  characteristics  of  the  cotton 
plant  might  have.  The  preoviposition  period  of  the  overwintered 
brood  was  considerably  longer  than  that  of  either  the  first  or  second 
brood,  owing  to  the  fact  that  these  weevils  were  provided  with  very 
small  squares  at  first  until  larger  ones  were  available.  As  in  the  case 
of  the  first  and  second  broods  in  field  cages,  the  average  preoviposition 
period  was  much  shorter  for  these  two  broods  than  for  the  others 
and  there  was  but  little  difference  between  the  two.  It  is  difficult  to 
explain  the  greatly  lengthened  preoviposition  period  of  the  third- 
brood  females  in  1924  and  1925,  as  compared  with  that  of  the  other 
broods  or  even  the  same  brood  for  1926.  It  was  noticed,  however, 
that  in  both  1924  and  1925  the  third-brood  tumbler  series  was  started 
in  late  August.    In  1926  this  series  was  started  earlier  in  August  and 
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the  preoviposition  period  was  shorter.  That  year  two  tumblers  were 
started  in  late  August  and  in  these  the  preoviposition  period  was 
greatly  lengthened.  Since  these  weevils  had  plenty  of  squares  and 
since  the  weather  was  favorable,  the  only  explanation  seems  to  be 
that  there  is  a  tendency  for  weevils  issuing  in  late  August  to  have  a 
longer  preoviposition  period  than  those  emerging  earlier.  The 
average  given  for  fourth-brood  weevils  is  based  on  too  few  records  to 
be  significant. 

OVIPOSITION    PERIOD 

In  the  insectary  the  females  had  an  average  oviposition  period  of 
52.6  days  and  a  maximum  of  124.  This  was  determined  for  328 
females  during  a  period  of  three  years.  (Table  12.)  The  yearly 
average  ranged  from  59.2  days  in  1926  to  42.42  in  1925.  The  longest 
average  oviposition  period  was  61.11  days  for  first-brood  females  and 
the  shortest  was  6.08  for  those  of  the  fourth  brood. 

Table  12. — Oviposition  period  of  the  holl  iveevil  in  tumblers  in  the  insectary, 
Florence,  S.  C,  1924,  ^925,  and  1926 


Brood 

Year 

Num- 
ber of 
records 

Number  of  days  of 
oviposition 

Aver- 
age 

Maxi- 
mum 

Mini- 
mum 

Overwintered"-. 

f    1924 
J     1925 
1     1926 
[1924-1926 
f     1924 
I     1925 
1     1926 

1924-1926 
f     1924 
I     1925 
1     1926 

1924-1926 
f     1924 
1925 
1926 

1924-1926 
f     1924 
I     1925 
1     1926 

1924-1926 

f     1924 
J     1925 
1     1926 
(1924-1926 

14 
20 
12 
46 
47 
26 
33 

106 
26 
42 
54 

122 
10 
20 
11 
41 
5 

59.86 
47.75 
49.  42 
51.87 
52.17 
42.77 
88.30 
61.11 
67.58 
44.12 
56.02 
54.39 
57.50 
33.05 
39.82 
40.83 
12.60 

91 
73 
75 
91 
124 
107 
116 
124 
105 
81 
90 
105 
74 
60 
74 
74 
22 

10 

7 

First           

6 
6 
9 

5 

Second 

2 
2 
5 
2 

Third 

2 
2 
24 
2 

9 
2 
2 

8 
13 

2.00 
6.08 

2 

22 

2 
2 

Total  or  averagei 

102 
108 

118 
328 

55.74 
42.42 
59.  20 
52.60 

124 
107 
116 
124 

2 
2 

2 
2 

With  the  exception  of  the  overwintered  females,  the  difference  in 
the  length  of  the  average  oviposition  period  was  due  to  the  difference 
in  the  length  of  time  the  weevils  lived.  The  later  broods  had  a  shorter 
oviposition  period  simply  because  they  issued  later  and  the  time 
between  emergence  and  killing  frost  was  shorter.  The  unfavorable 
effect  of  the  hot  weather  of  1925  is  reflected  in  the  shorter  oviposition 
period  of  females  in  tumblers  for  that  year. 
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FECUNDITY 

The  average  number  of  eggs  laid  by  boll  weevils  in  the  insectary 
was  120.95,  and  the  maximum  423.  This  was  ascertained  for  328 
females  during  a  period  of  three  years.  (Table  13.)  The  yearly 
average  ranged  from  149.61  eggs  in  1924  to  85.86  in  1925.  The 
fecundity  of  the  overwintered  weevils  was  the  greatest,  as  each  weevil 
deposited  an  average  of  219.98  eggs,  while  that  of  the  fourth  brood 
was  lowest,  with  an  average  of  4.92. 

Table   13. — Fecundity  of  the  boll  weevil  in  tumblers  in  the  insectary,  Florence, 
S.  C,  1924,  1925,  and  1926 


Brood 

Year 

Number  of— 

Number  of  eggs  laid 
per  female 

Rec- 
ords 

Eggs 

Aver- 
age 

Maxi- 
mum 

Mini- 
mum 

Overwintered                     .  

1924 

1925 

1926 
1924-1926 

1924 

1925 

1926 
1924-1926 

1924 

1925 

1926 
1924-1926 

1924 

1925 

1926 
1924-1926 

1924 

1925 

1926 
1924-1926 

r     1924 
1     1925 

14 
20 
12 
46 
47 
26 
33 

106 
26 
42 
54 

122 
10 
20 
11 
41 
5 

3,828 
3,823 
2,468 

10, 119 
8,488 
2,717 
6,891 

18,096 

2, 567 

2,273 

4,478 

9,318 

328 

460 

1,286 

2,074 

49 

273. 43 

191. 15 

205.67 

219.  98 

180.60 

104.  50 

208.82 

170.  72 

98.73 

54.12 

82.93 

76.38 

32.80 

23.00 

116.91 

50.59 

9.80 

423 
306 
371 
423 
340 
249 
387 
387 
207 
178 
204 
207 
57 
46 
256 
256 
33 

48 
18 

First 

25 

18 

29 

3 

Second 

1 

1 
6 

1 

Third 

1 

1 

10 

3 

Fourth 

4 
3 

1 

8 
13 

15 
64 

1.88 
4.92 

3 
33 

1 

1 

Total  or  average, 

102 
108 
118 
328 

15,260 
9,273 
15,138 
39,  671 

149.  61 
&5.86 
128.29 
120.  95 

423 
306 
387 
423 

1 
1 

1926 
11924-1926 

1 

1 

The  fecundity  of  the  overwintered  weevils  was  greater  on  an  average 
than  that  of  the  other  broods.  This  was  partly  because  this  was  the 
only  brood  that  completed  oviposition  in  the  tumblers,  oviposition  by 
the  later  broods  being  cut  short  by  death  of  the  females. 

RATE   OF   EGG   DEPOSITION 

An  average  of  2.3  eggs  per  day  was  deposited  by  female  weevils  in 
tumblers  in  the  insectary.  This  was  determined  during  a  3-year 
period  from  the  records  of  deposition  of  39,671  eggs.  (Table  14.) 
The  yearly  average  ranged  from  2.68  in  1924  to  2.02  in  1925.  The 
highest  daily  average  was  4.24  for  overwintered  females,  and  the  low- 
est was  0.81  for  those  of  the  fourth  brood. 

It  will  be  noted  that  the  daily  rate  of  Qg^  deposition  decreased  with 
each  brood.  This  was  due  primarily  to  the  effect  of  temperature,  as 
is  indicated  by  the  daily  records.  The  cooler  the  season,  the  later  the 
weevils  emerged,  and  this  tended  to  reduce  the  average  rate  of  ovi- 
position per  day. 
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Table  14. — Average  number  of  eggs  laid  per  day  by  the  boll  weevil  in  tumblers  in 
the'insectary,  Florence,  S.  C,  1924,  1925,  and  1926 


Brood 

Year 

Weevil 
days 

Eggs  laid 

Average 
eggs  laid 
per  day 

f  1924 
1  1925 
1  1926 
11924-1926 

1924 

1925 

1926 
1924-1026 

1924 

1925 

1926 
1924-1926 

1924 

1925 

1926 
1924-1926 

1924 

1925 

1926 
1924-1926 

f     1924 
1925 
1926 
1924-1926 

Number 

838 

955 

593 

2,386 

2,452 

1,112 

2,914 

6,478 

1,757 

1,853 

3,025 

6,635 

575 

661 

438 

1,674 

63 

Number 

3,828 

3,823 

2,468 

10, 119 

8,488 

2,717 

6,891 

18, 096 

2,567 

2,273 

4,478 

9,318 

328 

460 

1,286 

2,074 

49 

Number 
4.57 
4.00 

First                                                                       

4. 16 
4.24 
3.46 
2.44 

Second 

2.79 
1.46 
1.23 

Third 

1.48 
1.40 
.57 
.70 

2.94 
1.24 

.78 

16 
79 

15 
64 

.94 
.81 

5,685 
4,581 
6,986 
17, 252 

15, 260 
9,273 
15, 138 
39,  671 

2.68 
2.02 

2.  17 
2.30 

LIFE    CYCLE    IN    PICKED    SQUARES 

The  developmental  period  of  the  weevil  in  picked  squares  in  the 
insectary  averaged  14.42  days  in  1925,  with  a  maximum  of  27  and  a 
minimum  of  11.     This  was  determined  from  486  records. 


OVIPOSITION    BY    THE    BOLL    WEEVIL    IN    LANTERN- GLOBE    CAGES 

In  1926,  pairs  of  weevils  were  kept  in  cages  made  by  placing  an  8- 
inch  lantern  globe  over  a  tin  plate  filled  with  moist  sand,  in  which 
sprigs  bearing  cotton  squares  were  placed.  While  the  number  of 
weevils  under  observation  was  small,  the  average  rate  of  oviposition 
per  day  was  7.43,  which  was  considerably  higher  than  for  weevils  in 
the  tumblers  and  was  about  the  same  as  for  those  in  field  cages  at  that 
time.  The  most  striking  result  was  that  one  individual  deposited  531 
eggs  and  another  631,  showing  that  the  maximum  fecundity  of  the 
weevil  is  much  higher  than  indicated  by  the  records  made  in  other 
types  of  cages — namely  423  eggs  in  the  tumblers  and  440  in  the  field 
cages. 

COMPARISON   BETWEEN   LIFE   CYCLES  IN  THE  FIELD 
CAGES   AND   IN   THE   INSECTARY 

A  comparison  of  the  life  cycles  of  boll  weevils  in  field  cages  and  in 
tumblers  in  the  insectary,  as  presented  in  Table  15,  shows  that  this 
insect  reacted  differently  in  the  two  kinds  of  cages.  The  length  of 
life  of  the  adult,  the  oviposition  period,  and  the  preoviposition  period 
were  shorter  in  the  field  cages  than  in  the  insectary.  The  total 
number  of  eggs  laid  by  a  weevil  was  greater  in  the  tumblers,  but  the 
number  of  eggs  laid  per  day  was  greater  in  the  field  cages.  The  weevil 
also  passed  through  its  metamorphoses  in  3.88  days  less  time  in  the 
insectary  than  in  the  field.     In  the  latter  case  the  cause  for  the  differ- 
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ence  was  revealed  by  comparing  the  development  of  weevils  in  picked 
infested  squares  kept  in  breeding  cages  in  the  insectary,  in  fallen 
infested  squares  left  on  the  ground  in  specially  built  ''square  cages/' 
and  in  fallen  infested  squares  placed  in  cages  in  the  insectary.  There 
was  no  difference  in  the  development  under  the  last  two  conditions, 
showing  that  older  larvae  and  also  pupae  developed  the  same,  whether 
in  fallen  squares  in  field  cages  or  in  the  insectary.  The  difference, 
therefore,  was  in  the  incubation  period  of  the  egg  and  the  development 
of  the  young  larva  before  the  square  fell.  If  the  latter  was  picked 
shortly  after  oviposition,  there  were  no  normal  plant  activities  being 
carried  on,  growth  stopped,  the  anthers  wilted,  and  decay  set  in. 
When  the  young  larva  hatched,  it  found  only  partly  wilted  and 
decayed  pollen  for  food  instead  of  the  fresh  anthers  in  the  square  on 
the  plant. 


Table  15. 


-Comparison  of  the  life  cycle  of  the  boll  weevil  infield  cages  and  in  the 
insectary,  Florence,  S.  C.,'1924,  1925,  and 


Average  number  of  days 

Male 

Female 

Brood 

Longevity 

Longevity 

Before 
oviposition 

Of  ovi- 
position 

Field 

Insec- 
tary 

Field 

Insec- 
tary 

Field 

Insec- 
tary   . 

Field 

Insec- 
tary 

Overwintered 

19.39 
18.25 
19.03 
25.10 
15.33 

66.17 
73.21 
68.34 
52.00 
26.  43 

16.05 
14.49 
15.90 
22.21 
9.00 

50.97 
62. 43 
65.16 
55.04 
16.73 

8.27 
5.58 
5.62 
13.27 

11.30 
6.40 
6.84 
13.00 
10.54 

13.37 
11.82 
12. 49 
13.55 

51  87 

First : 

61.  11 

Second .. 

54  39 

Third  . 

40  83 

Fourth 

6.08 

Average.- 

19.32 

64.39 

15.99 

57.79 

7.21 

8.24 

12.66 

52.60 

Average  number  of  eggs  laid— 

Average  number 

of  days  of 

development 

Brood 

Per  female 

Per  day 

Field 

Insec- 
tary 

Field 

Insec- 
tary 

Field 

Insec- 
tary 

Overwintered 

91.44 
111.66 
51.77 
33.52 

219.98 

170.  72 

76.38 

50.59 

4.92 

6.84 
9.45 
4.14 
2.47 

4.24 
2.79 
1.40 
1.24 

.81 

First 

17.69 
17.63 
19.78 
33.55 

14  24 

Second 

17.62 

Third 

Fourth 

Average 

81-  21 

120  ftri 

fi  42 

2  sn 

18  SO 

14  42 

The  recorded  average  fecundity  was  greater  in  the  insectary  because 
fewer  weevils  were  lost,  there  was  less  mortality  due  to  natural  enemies 
which  could  not  always  be  excluded  from  the  field  cages,  and,  more- 
over, there  was  a  higher  natural  mortality  in  the  latter  due  to  cage 
conditions.  Enough  complete  records  were  secured  in  the  field  cages 
to  prove  that  the  total  fecundity  was  the  same  in  these  as  in  the 
tumblers,  provided  the  female  lived  for  what  appeared  to  be  her  natural 
length  of  life. 
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The  field  cage,  while  admittedly  not  representative  of  field  condi- 
tions, yet  approximated  these  more  closely  than  the  tumbler.  In 
the  field  cage  the  female  rarely  laid  more  than  one  egg  to  a  square 
unless  she  had  exhausted  the  supply  of  uninfested  forms  and  the 
cage  was  not  changed.  In  the  tumblers  many  eggs  were  laid  in  a 
single  square  and  often  none  in  others  in  the  same  glass.  In  the 
field  cage  the  weevil  found  the  fruit  of  the  cotton  plant  in  its  normal 
condition  and  was  exposed  to  about  the  same  conditions  as  regards 
sunlight,  rainfall,  temperature,  and  humidity  as  in  the  open  field. 
In  the  tumbler  there  was  never  any  direct  sunlight,  and  the  air  was 
always  moist,  owing  to  the  dampened  sphagnum  moss  kept  in  the 
bottom  of  the  glass. 

INFLUENCE   OF  FOOD   ON   THE   BIOLOGY    OF    THE 

WEEVIL 

The  results  of  a  comparison  of  the  reactions  of  the  weevil  when  fed 
only  on  bolls  with  those  when  fed  only  on  squares  are  shown  in  Table 
16.  These  records  are  based  on  a  study  of  the  first-brood  weevils,  the 
two  series  being  run  at  the  same  time  in  the  insectary  for  two  years. 
The  comparisons  of  development  are  for  all  generations  under  field 
conditions.  Except  for  weevil  development,  small  partly  grown 
bolls  were  used  in  this  experiment  when  possible.  As  soon  as  older 
bolls  were  used,  the  weevils  stopped  egg  deposition,  and  many  died. 

Table  16. — Effect  of  nature  of  food  on  longevity  and  oviposition  of  the  boll  weevil 
in  tumblers  in  the  insectary,  Florence,  S.  C,  1925  and  1926 


Number 

of 
records 

Average  number 
of  days  longevity 

Average  number  of 
days— 

Average 
number 

of  eggs 
laid  per 

female 

Average 
number 

Food 

Male 

Female 

Before 
oviposi- 
tion 

Of  ovi- 
position 

of  eggs 

laid  per 

day 

Squares 

67 
68 

77.44 
48.02 

68.69 
56.43 

4.86 
5.64 

68.22 
49.88 

162. 85 
54.78 

2.39 

Bolls 

1.10 

There  was  considerable  difference  in  the  longevity  of  the  two 
sexes  in  the  two  series  of  cages,  the  males  fed  on  squares  living  longer 
than  the  females  fed  on  squares,  and  the  reverse  being  true  when  bolls 
were  fed.  The  weevils  were  all  longer  lived  when  squares  were  used 
for  food  than  when  bolls  were  used.  The  preoviposition  period  was 
somewhat  longer  and  the  oviposition  period  much  shorter  when  the 
females  were  forced  to  feed  upon  bolls  rather  than  squares.  The 
greatest  difference  was  found  in  the  fecundity,  which  was  much  lower 
for  boll-fed  females  than  for  those  fed  on  squares.  Not  only  were 
fewer  eggs  laid,  but  the  daily  rate  of  oviposition  was  lower.  The 
above-described  experiment  was  not  representative  of  field  conditions, 
so  far  as  the  biology  of  the  adult  weevils  was  concerned,  because  some 
squares  were  always  present  on  the  plants  upon  which  the  adults 
could  feed.  It  did  show,  however,  that  an  abundant  supply  of  squares 
was  necessary  for  the  shortest  period  of  development  and  greatest 
activity  of  the  weevil. 
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COMPARATIVE   BIOLOGY   OF   FALL-MATED   AND 
SPRING-MATED    WEEVILS 

In  1925,  12  females  were  placed  in  tumblers  immediately  after 
emergence  from  the  hibernation  cages  and  kept  isolated  from  males. 
The  females  selected  for  this  experiment  were  those  taken  from  cages 
from  which  no  males  had  emerged  on  that  day.  Two  of  these  were 
mated  July  14.  The  other  10  were  not  mated,  but  inasmuch  as  all 
of  them  deposited  fertile  eggs  from  which  normal  adults  developed, 
it  seems  evident  that  fertilization  took  place  prior  to  the  beginning 
of  hibernation  the  previous  fall.  It  is  also  possible  that  the  two  females 
paired  with  males  were  fertilized  in  the  fall  before  going  into  hiberna- 
tion. A  comparison  of  the  biology  of  the  females  under  the  two  sets 
of  conditions  is  shown  in  Table  17.  Of  the  110  adults  reared,  64  were 
males  and  46  females.  The  average  preoviposition  period  was  shorter 
for  females  without  males  than  for  those  paired,  fewer  eggs  were 
deposited,  and  these  over  a  longer  period  of  time;  and  in  addition  the 
average  rate  of  e^g  deposition  per  day  was  lower.  The  average  lon- 
gevity of  the  spring-mated  females  was  much  shorter  than  of  those 
paired  only  in  the  fall.  This  experiment  shows  that  the  female 
weevil  may  be  mated  in  the  fall  and  deposit  fertile  eggs  the  following 
spring  without  additional  contact  with  any  male  weevil.  It  is  thus 
possible  for  one  female  boll  weevil  to  start  an  infestation  in  the  spring 
in  a  field  of  cotton. 

Table   17. — Comparative  longevity  and   oviposition  of  females  of  the  boll  weevil 
mated  in  fall  and  of  those  mated  in  both  fall  and  spring,  Florence,  S.  C,  1925 


Records 

Average 
longevity 

Average 
preovi- 
position 
period 

Average 
oviposi- 
tion 
period 

Average 
female 

Average 
eggs  de- 
posited 
per  day 

Paired  females...  

Number 
20 
10 

Days 

1  37. 43 

79.2 

Days 
10.25 
7.9 

Days 

47.75 
64.8 

Number 
191. 15 
90  5 

Number 
4  00 

Females  not  paired. 

1  40 

Longevity  based  on  42  records. 


DISPERSAL 

The  migration  or  dispersal  of  the  boll  weevil  has  been  studied  by 
means  of  screen  traps  set  up  in  or  near  cotton  fields.  (Fig.  33.)  The 
details  of  construction  of  these  screens  and  the  method  of  their 
examination  have  been  described  in  a  previous  paper. ^^ 

In  each  field  where  a  screen  trap  was  located,  weekly  examinations 
were  made  in  small  plots  to  serve  as  a  basis  for  estimating  the  number 
of  weevils  present.  Infestation  counts  were  made  and  the  number  of 
squares  on  the  plants  noted.  The  weevil  counts  were  made  to  deter- 
mine the  effect  of  weevil  population  on  flight,  and  the  infestation 
records  were  made  to  determine  the  effect  of  relative  abundance  or 
lack  of  food  and  breeding  places.  The  direction  of  the  wind  was 
observed  in  order  to  ascertain  its  influence  on  weevil  dispersal.     Life- 

"  Fenton,  F.  a.,  and  Dunnam,  E.  W.   dispersal  of  the  cotton-boll  weevil,  anthonomus  orandis 
BOH.    Jour.  Agr.  Research  36:  135-149,  illus.    1928. 
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history  notes  provided  data  as  to  whether  or  not  the  migration  was 
correlated  with  the  biology  of  the  weevil.  These  migration  screens 
were  usually  set  up  in  June  or  July  and  watched  until  frost.  The 
records  obtained  from  the  screens  were  checked  by  observations  made 
in  the  trap  crops,  which  had  been  freed  of  weevils  early  in  the  year,  so 
any  infestation  in  them  was  due  to  migratory  weevils.  A  weekly 
infestation  and  weevil  count  in  these  plots  therefore  gave  an  index  to 
the  time  when  the  weevils  were  flying  about. 

DAILY    WEEVIL   FLIGHTS   IN    1924,  1925,  AND    1926 

The  daily  catch  of  weevils  on  the  screen  traps  for  the  three  years, 
1924,  1925,  and  1926,  is  shown  in  Figure  34.     In  1924  only  one  trap 
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FiGUKE  33.— Screen  trap  used  in  boll-weevil-dispersion  studies 

was  under  observation.  This  was  located  in  the  center  of  the  field 
where  life-history  studies  were  being  conducted.  The  field  was 
lightly  infested  early  in  the  season  but  became  very  heavily  infested 
later.  The  screen  was  set  up  July  29,  the  first  weevil  was  captured  on 
it  August  7,  and  two  were  caught  August  18.  The  main  migration, 
however,  did  not  start  until  August  24.  The  following  day  was  much 
cooler  than  normal  for  this  time  of  year,  a  maximum  temperature  of 
83°  F.  being  recorded  as  compared  with  a  maximum  of  88°  the  day 
before  and  95°  the  day  following.  This  temporarily  checked  the 
flight  for  24  hours,  as  no  weevils  were  caught  on  this  date.  On  August 
26,  17  weevils  were  captured  on  the  screen.  The  greatest  number 
were  taken  from  August  26  to  September  1 .  Days  on  which  unusually 
large  catches  were  recorded  were  August  26,  27,  and  30;  yet  compara- 
tively large  numbers  were  caught  at  different  dates  after  these  until 
the  last  record,  November  14. 
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Dispersion  was  studied  in  1925  by  means  of  8  screen  traps,  6  of 
which  were  situated  within  cotton  fields,  and  2  outside  and  at  some 
distance  from  any  field  of  this  crop.  Migration  began  at  least  as  early 
as  July  17  this  year,  owing  to  an  unusually  heavy  infestation,  but 
ended  earlier,  the  last  weevil  being  taken  from  the  trap  October  21. 
The  heaviest  flights  came  from  July  18  to  September  5,  but,  as  shown 
in  Figure  34,  considerable  numbers  were  taken  after  this  time.  The 
dates  on  which  the  greatest  numbers  were  removed  from  the  screen 
in  1925  were  July  24  and  28  and  August  6  and  7. 

In  1926  there  were  13  screen  traps  under  observation,  10  of  which 
were  located  within  cotton  fields  and  3  outside.  The  weevil  infesta- 
tion was  light  this  year,  and  in  spite  of  the  fact  that  more  screen 
traps  were  under  operation  than  in  1925,  fewer  weevils  were  caught; 
also  the  main  flight  movement  started  later.     In  1926  the  screens  were 
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Figure  34.— Daily  catch  of  boll  weevils  on  screen  traps,  Florence,  S.  C,  1924,  1925,  and  1926 

set  up  late  in  June,  at  least  three  weeks  earlier  than  in  1925.  The 
first  weevil  was  captured  July  7  and  the  last  October  20.  (Fig.  34.) 
The  heaviest  flight  movement  came  from  August  28  to  September  29. 

During  the  three  years  the  actual  size  of  the  screen  trap  was  the 
same,  so  the  average  catch  per  trap  gives  a  fair  comparison  of  the 
extent  of  the  migratory  flight  movement  during  this  period.  In 
1924,  199  weevils  were  captured  in  one  screen  trap,  but  this  was 
located  in  an  unusually  heavily  infested  field.  In  1925,  875  were 
removed  from  the  6  traps  in  cotton  fields,  an  average  of  145.8  weevils 
per  screen.  In  1926,  445  weevils  were  captured  on  the  10  traps 
located  in  cotton  fields,  the  average  per  screen  being  44.5.  These 
figures  indicate  that  the  weevil  dispersal  was  considerably  lighter  in 
1926  than  in  1924  and  1925. 

In  both  1925  and  1926  there  were  screen  traps  located  outside  of 
cotton  fields.     Weevil  dispersal  was  so  heavy  in  1925  that  it  was 
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possible  to  trap  weevils  on  these,  showing  that  the  flight  movement 
was  taking  them  from  field  to  field.  As  would  be  expected,  smaller 
numbers  were  caught  on  these  traps  than  on  those  located  in  cotton 
fields.  In  1926  very  few  weevils  were  caught  on  traps  outside  of 
cotton  fields.  In  that  year  one  screen  was  located  on  the  roof  of  a 
2-story  building,  30  feet  in  the  air.  ■.  One  weevil  was  caught  on  this 
trap,  which  shows  that  weevils  may  fly  at  least  30  feet  high. 

TIME    OF    DAY    OF   FLIGHT 

Collections  were  made  from  the  screen  traps  twice  daily  in  1924 
and  1925  to  determine  when  most  of  the  weevils  were  in  flight.  In 
July  and  August,  1924,  41  were  caught  in  the  morning  and  9  in  the 
afternoon;  in  September,  25  in  the  morning  and  22  in  the  afternoon; 
in  October,  9  in  the  morning  and  43  in  the  afternoon.  Seventy-five 
were  caught  in  the  morning,  74  in  the  afternoon,  and  for  50  no  data 
are  available  with  respect  to  time  of  day. 

In  1925  more  weevils  were  in  flight  in  the  morning  than  in  the  after- 
noon up  to  September  15.  After  this  time  a  few  more  were  caught 
on  the  traps  during  the  afternoon.  Four  hundred  and  ninety  were 
caught  in  the  morning,  367  in  the  afternoon,  and  no  records  were 
obtained  for  55.  For  the  two-year  period,  565  were  caught  in  the 
morning,  441  in  the  afternoon,  and  no  records  were  made  for  105. 

INFLUENCE    OF    WIND    ON    FLIGHT 

In  1925  and  1926  records  were  made  of  the  side  of  the  screen  from 
which  the  weevils  were  taken  and  of  the  direction  of  the  wind  in  the 
morning  and  afternoon.  A  total  of  1,  359  weevils  were  caught  on 
the  screen  traps  during  this  period.  No  records  were  available  for  the 
sides  of  the  screen  from  which  83  were  taken.  A  total  of  37.46  per  cent 
of  the  weevils  were  caught  on  the  windward  side  of  the  traps.  (Table 
18.)  The  percentage  of  weevils  taken  from  the  windward  side  from 
day  to  day  ranged  from  22.22  per  cent  when  the  wind  was  from  the 
south  to  57.35  per  cent  when  it  was  from  the  southeast.  It  is  therefore 
apparent  that  moderate  winds  do  not  influence  direction  of  weevil 
flight. 

Table  18. — Relation  of  direction  of  wind  to  dispersal  of  the  boll  weevil,  Florence, 

S.  C,  1926  and  1926 


Direction  of  wind 

Weevils  caught  on  various  sides  of  screen 

Total 

Weevils  caught  on 
windward  side  of 
screen 

North 

South 

East 

West 

Unknown 

North 

Number 

35 

21 

12 

64 

30 

114 

8 

7 

20 

Nuviber 
33 
27 
12 
56 
34 
109 
10 
4 
9 
3 

Number 
42 
19 
12 
57 
44 
107 
13 

9 
26 

4 

Number 
29 
29 

6 
75 
28 
120 
22 

9 
15 

2 

Number 
4 

2 
1 

14 
1 

58 
1 
1 
1 

Number 

143 

98 

43 

266 

137 

508 

54 

30 

71 

9 

Number 
35 
40 
18 
56 
78 
229 
13 
9 

Per  cent 
25.18 

Northeast 

41.67 

Northwest 

42.86 

South        - 

22.22 

Southeast 

57.35 

Southwest.     

50.89 

East 

24.53 

West.. 

31.03 

Calm 

Unknown 

. 

Total.. 

311 

297 

333 

335 

83 

1,359 

478 

37.46 
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PROPORTION    OF    SEXES    TRAPPED    ON    SCREENS 

During  the  three  years  that  the  dispersal  was  being  studied,  1,599 
weevils  were  removed  from  the  screen  traps;  885  of  these,  or  56.77 
per  cent,  were  males;  645,  or  41.37  per  cent,  were  females;  and  29, 
or  1.86  per  cent,  were  not  classified  as  to  sex. 

ECOLOGICAL   FACTORS   INFLUENCING   DISPERSAL 

PHYSICALIFACTORS 

In  an  attempt  to  determine  the  cause  of  weevil  dispersal  by  flight, 
the  physical  factors  of  temperature,  humidity,  and  rainfall  were 
studied. 

TEMPERATURE 

In  a  previous  paper"  the  fact  was  pointed  out  that  during  1924  and 
1925  temperature  influenced  weevil  dispersal,  but  only  after  it  had 
started.  An  additional  year's  records  have  strengthened  the  con- 
clusions reached  in  that  paper,  namely,  that  the  curve  of  weevil 
flight  activities  did  not  correspond  to  that  of  temperature.  The 
coefficient  of  correlation  between  maximum  temperature  and  weevil 
flightinl924was+0.3533±0.08752;in  1925  it  was +  0.436  ±0.088836; 
and  in  1926  it  was  +  0.16943 ±0.09430.^^  ^pj^^g  indicated  that  there 
was  some  correlation  between  maximum  temperature  and  dispersal, 
but  that  it  was  not  marked,  especially  in  1926.  The  effects  of  mini- 
mum and  mean  temperatures  also  have  been  studied,  but  the  results 
indicate  that  the  effect  of  maximum  temperature  was  the  most 
important.    Dispersal  was  checked  by  unusually  cold  days. 

MOISTURE 

During  1924  and  1925  there  was  an  apparent  negative  correlation 
between  mean  relative  humidity  and  dispersal,  but  this  did  not 
hold  true  in  1926.  Heavy  rains  coming  during  the  day  prevented 
weevil  flight. 

BIOTIC  FACTORS 

The  possible  effect  of  weevil  population,  infestation,  and  square 
production  during  1925  and  1926  on  weevil  dispersal  is  discussed  in 
the  paragraphs  that  follow. 

SQUARE    PRODUCTION 

The  cotton  plants  started  setting  squares  late  in  May,  1925,  and 
early  in  June,  1926.  From  these  dates  up  to  July  13,  1925,  and  July 
15,  1926,  there  was  a  very  rapid  increase  in  the  number  set  from  week 
to  week.  This  was  followed  in  1925  by  an  equally  rapid  decrease  in 
the  number  of  squares  borne  by  the  plants  until  August  12,  and  after 
this  a  continued  but  more  gradual  dechne  until  the  lowest  count  was 
recorded,  on  September  8.  The  peak  of  square  production  in  1926 
was  reached  July  24,  and  after  July  29  square  shedding  was  not  so 
rapid  as  in  1925.  In  1926  the  low  point  in  square  production  was 
reached  September  16.  During  both  years,  after  the  low  square 
count  recorded  in  September,  there  was  a  slight  but  noticeable  in- 

11  Fenton,  F.  A.,  and  Dunnam,  E.  W.  Op.  cit. 

"  The  second  part  of  the  number  represents  the  standard  error. 
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crease  in  the  number  of  squares  produced  by  the  plants.  In  1925 
there  was  a  gradual  decrease  in  fruiting  again  after  October  6  until 
the  end  of  the  season,  with  the  exception  of  November  3,  when  a 
small  increase  was  recorded.  In  1926  the  trend  for  this  period  was 
for  the  square  production  to  increase,  except  for  the  average  of  one 
week's  records  on  October  14.  The  chief  differences  for  the  two  years 
were  that  there  was  an  average  of  more  squares  produced  by  the 
plants  in  1925  than  in  1926  and  that  the  square  shedding  was 
more  rapid  during  the  former  year  than  during  the  latter.  Otherwise 
there  was  very  little  difference  in  the  fruiting  of  the  cotton  plants 
during  the  two  years.  The  weekly  catch  of  boll  weevils  on  the 
screens,  however,  showed  that  the  dispersal  came  at  a  different  period 
during  the  two  seasons,  so  these  two  factors  were  not  closely  correlated. 

BOLL-WEEVIL    POPULATION 

In  1925  there  was  a  very  rapid  increase  in  the  weevil  population 
in  all  cotton  fields  during  July,  a  high  peak  being  reached  July  27. 
After  this  the  number  was  less  and  there  were  weekly  fluctuations. 
A  second  high  peak  was  recorded  August  31.  On  the  other  hand,  in 
1926  there  were  comparatively  few  weevils  present  in  the  fields 
until  late  August,  the  greatest  number  being  recorded  September  6. 
There  were  not  only  fewer  weevils  present  in  the  fields  in  1926  than 
in  1925,  but  the  majority  of  them  were  developed  much  later.  In 
1925  the  weevils  multiplied  early  when  plenty  of  squares  were  on 
the  plants  for  reproduction.  In  1926  the  cotton  plants  were  able 
to  set  a  full  crop  of  squares,  which  bloomed  and  set  bolls  before 
weevils  became  numerous.  No  correlation  was  noted  between  the 
number  of  weevils  in  the  fields  and  the  period  of  their  dispersal. 

PERCENTAGE  OF  INFESTATION  OF  COTTON  BY  THE  BOLL  WEEVIL 

In  1925  there  was  a  moderately  high  infestation  of  13.7  per  cent 
on  June  18,  when  the  first  counts  were  made.^^  This  increased 
slightly  to  an  average  of  14.8  per  cent  on  June  22,  and  from  this  date 
to  July  7  there  was  a  very  slight  decrease,  the  percentage  of  infesta- 
tion falling  to  11.2  on  the  latter  date.  From  then  on  it  increased 
at  a  very  rapid  rate  until  it  averaged  54.3  on  August  3.  In  1926 
the  infestation  was  very  low  up  to  August  12,  averaging  less  than 
10  per  cent  prior  to  this  date.  On  August  12  it  was  13.52  per  cent, 
and  increased  very  rapidly  after  this  until  percentages  of  66.34  and 
65.75  were  recorded  on  September  2  and  9,  respectively.  After  the 
latter  dates  the  percentage  of  infestation  was  less  and  showed  con- 
siderable weekly  fiuctuation.  While  data  on  percentage  of  infesta- 
tion were  not  taken  after  August  3,  1925,  yet  it  is  possible  to  compare 
the  two  curves  up  to  this  point.  In  1925  the  infestation  was  high 
early,  and  before  the  cotton  plants  began  to  shed  many  squares, 
In  i926  it  was  high  after  the  plants  had  shed  most  of  the  squares. 
In  the  former  year  it  was  due  to  a  large  weevil  population  which  was 
produced  early,  but  in  the  latter  year  a  much  smaller  weevil  popula- 
tion did  not  cause  a  high  infestation  until  the  number  of  squares 
borne  by  the  plants  was  comparatively  small. 

There  was  a  very  evident  relation  I)etween  weevil  flight  and  per- 
centage of  infestation  in  both  years.     In  1925  the  heaviest  dispersal 

J 3  Average  obtained  from  phppk  plots  in  weevil-control  experiments. 
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came  early,  as  a  result  of  a  high  infestation  directly  after  the  peak  in 
square  production  had  been  reached  by  the  cotton  plants.  This 
was  caused  by  large  numbers  of  weevils  present  in  the  field  at  this 
time.  In  1926  dispersal  came  late  but  was  brought  about  by  the 
same  cause  as  in  1925,  namely,  a  high  degree  of  infestation,  which 
in  this  year  developed  only  when  the  number  of  squares  borne  by 
the  plants  became  so  few  that  the  smaller  number  of  weevils  present 
could  produce  it.  It  was  thus  evident  that  the  dispersal  or  migra- 
tion of  the  boll  weevil  was  dependent  upon  the  percentage  of  infesta- 
tion, or,  in  other  words,  upon  the  weevil  population  in  relation  to  the 
number  of  squares  borne  by  the  plants. 

DISPERSAL   AS   DETERMINED   BY   TRAP-CROP   RECORDS 

Infestation  counts  were  made  in  all  trap  crops  for  the  two  years 
to  check  up  on  weevil-dispersal  data  as  obtained  by  the  screen  traps. 
In  1925  there  was  no  infestation  in  the  trap  crop  July  9.  July  13 
an  average  infestation  of  2  per  cent  was  recorded,  and  this  must 
have  been  produced  by  migratory  weevils,  since  all  overwintered 
weevils  entering  this  plot  had  been  removed  from  the  plants.  July 
16  the  infestation  had  dropped  to  0.61  per  cent,  and  this  increased 
to  2.83  per  cent  July  24,  and  again  to  5.7  per  cent  July  29.  Three 
days  later,  August  1,  it  had  further  increased  to  20  per  cent,  showing 
that  a  comparatively  large  number  of  weevils  were  coming  into  the 
field.  The  last  record  was  made  August  5,  when  the  infestation 
averaged  62.66  per  cent. 

In  1926  one  plot  was  located  at  a  considerable  distance  from  any 
other  cotton,  and  in  this  the  only  infestation  found  during  the  period 
of  the  examination  from  July  14  to  August  27  was  4  per  cent  August 
19.  In  the  other  plot  the  first  infestation  was  0.17  per  cent  July  22, 
no  infestation  was  found  July  31,  and  0.17  per  cent  was  recorded 
again  August  6.  This  increased  to  1.67  per  cent  by  August  12,  to 
36.67  per  cent  August  19,  and  to  48  per  cent  August  27,  the  last  date 
of  examination. 

The  trap-crop  records  corresponded  very  closely  with  migration- 
screen  data  during  the  two  years  and  indicated  that  weevils  were 
flying  from  field  to  field  at  least  as  early  as  July  13,  1925,  and  July 
22,  1926. 

HIBERNATION 

The  various  facts  about  hibernation  were  determined  by  caging 
large  numbers  of  weevils  under  different  conditions  as  describeH 
below.  The  weevils  were  collected  from  cotton  fields  in  the  fall  by 
the  operator  going  down  the  rows  of  plants  and  vigorously  shaking 
their  tops  into  a  large,  heavy  canvas  bag.  After  being  removed  from 
the  bag,  the  weevils  were  kept  temporarily  in  shell  vials.  At  the 
close  of  the  day  they  were  counted,  then  released  in  hibernation 
cages  or  transferred  to  battery  jars  or  lantern-globe  cages  in  theinsec- 
tary,  where  they  were  fed  on  cotton  squares  until  needed.  Usually 
they  were  installed  in  the  hibernation  cages  within  a  few  days  after 
they  were  collected  in  the  fields.  A  definite  number  were  released  in 
each  cage  over  a  tin  plate.  Any  that  were  dead  or  too  sluggish  to 
have  left  the  plate  by  the  following  morning  were  removed  and  re- 
placed by  vigorous  individuals.  The  cages  were  of  a  standard  type 
specified  by  the  Delta  laboratory,  Tallulah,  La.,  being  4  feet  square. 
(Fig.  35,  A.) 
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Figure  35.— A,  cages  used  in  hibernation  studies;   B,  hibernation  cages  located  in  a  pine  grove 
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In  order  to  determine  the  effect  of  date  of  installation  on  survival, 
hibernation  tests  were  begun  at  weekly  intervals  from  September  to 
November,  500  weevils  to  a  cage,  when  possible,  being  used.  Pine 
straw  and  a  piece  of  an  old  log  were  used  for  shelter  during  the  winter 
of  1925-26,  and  a  combination  of  pine  straw  and  cotton  stalks  for  the 
two  previous  winters.  To  ascertain  the  comparative  effect  of  differ- 
ent shelters,  one  or  more  installations  were  made  each  year,  not  more 
than  500  weevils  being  placed  to  a  cage,  and  such  materials  as  cotton 
stalks,  pine  straw,  cornstalks,  Spanish  moss,  oat  straw,  and  sawdust 
being  used  for  shelter.  For  comparison  in  each  series,  weevils  were 
released  in  one  or  more  cages  with  no  protection.  A  series  of  cages 
was  located  in  pine  woods  near  the  laboratory  during  the  seasons  of 
1924-25  and  1925-26  to  determine  the  effect  of  outdoor  environment 
on  the  survival.     (Fig.  35,  B.) 

In  the  spring,  usually  begining  March  1,  daily  observations  were 
made  to  determine  weevil  emergence  in  the  cages.  Temperature 
was  determined  for  cages  in  the  field  and  woods  by  either  a  self- 
recording  thermograph  or  maximum  and  minimum  thermometers. 
It  was  possible  to  ascertain  whether  or  not  early-emerged  weevils 
would  rehibernate  by  watching  for  the  reappearance  of  marked  adults 
in  the  hibernation  cages. 

The  time  of  appearance  of  over^\dntered  weevils  in  cotton  fields 
was  determined  by  daily  observations  in  small  isolated  patches  of 
cotton.  These  were  planted  early  in  April  where  heavily  infested 
cotton  had  been  the.  year  before,  but  near  which  no  cotton  would 
be  planted  that  particular  season.  As  soon  as  the  plants  came  up, 
they  were  examined  daily  and  all  weevils  seen  were  collected.  These 
Httle  plots  were  cultivated  and  otherwise  treated  in  the  same  way 
that  a  large  field  of  cotton  would  have  been. 

SURVIVAL   OF   HIBERNATED    WEEVILS 

The  comparative  survival  of  weevils  from  hibernation  from  the 
fall  of  1922  to  the  spring  of  1926  is  shown  in  Table  19.  It  was  highest 
in  the  seasons  of  1922-23  and  1924-25,  with  percentages  of  survival 
of  11.05  and  6.5,  respectively;  and  lowest  in  the  seasons  of  1923-24 
and  1925-26,  with  0.35  and  0.82  per  cent  surviving,  respectively. 
The  average  for  the  4-year  period  was  3.27  per  cent. 

Table  19. — Survival  of  overwintered  boll  weevils  in  cage  tests  at  Florence,  S.  C, 
spring  of  1923,  1924,  1925,  and  1926 


Hibernation  season 

Number 
of  weevils 
installed 

Number 

of  weevils 

issued 

Percent- 
age of 
survival 

1922-23--^ 

4,000 
21, 617 
19,427 
12,  425 

442 

75 

1,262 

102 

11  05 

1923-24 

35 

1924-25 

6  50 

1925-26 

82 

4  seasons 

57, 469 

1,881 

3  27 

COMPARATIVE  SURVIVAL  IN  FIELD   AND  IN  WOODS  CAGES 

In  1925  the  survival  was  10.98  per  cent  in  cages  located  in  the  woods 
and  7.61  per  cent  in  those  in  the  field;  in  1926  it  was  0.43  per  cent  in 
the  woods  cages  and  1.2  per  cent  in  the  field  cages.    For  the  2-year 
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period  the  percentage  of  survival  in  woods  cages  was  4.31  and  in  field 
cages  3.17.  Temperature  records  taken  in  cages  in  the  two  situations 
in  1926  show  that  the  average  mean  temperature  from  March  24 
to  July  1,  inclusive,  in  the  woods  cages  was  3.6°  below  that  of  those 
in  the  field.  (Table  20.)  The  chief  difference  was  in  the  average  max- 
imum for  the  period,  which  in  the  woods  cages  was  5.72°  below  that  of 
those  in  the  field.  The  average  minimum  for  the  period  in  the  woods 
cages  was  1.57°  below  that  in  the  field  cages.  The  smallest  difference 
in  temperature  in  the  two  situations  was  noted  during  March. 

Table  20. — Comparative  temperatures  for  field  and  for  woods  hibernation  cages, 

Florence,  S.  C,  1926 


Periods 

Field  cages 

Woods  cages 

Lower  in  woods  cages 
tiian  in  field  cages 

Maxi- 
mum 

Mini- 
mum 

Mean 

Maxi- 
mum 

Mini- 
mum 

Mean 

Maxi- 
mum 

Mini- 
mum 

Mean 

March  24  to  31 

°F. 

69.19 

77.33 

91.  69 

92.  42 
95.50 

°F. 

42.69 

49.  62 

58.74 

67.32 

73.00 

°F. 

55.  94 
63.  48 
75.22 
79.83 
84.25 

°F. 

69.  38 
75.  45 
82.02 
87.  46 
83.00 

op 

42.31 
50.  20 
57.23 
65.91 
69.00 

°F. 

55.  84 
62.83 
69.  63 
76.69 
76.00 

°F. 

10.19 
1.88 
9.67 
4.96 

12.50 

°F. 
0.38 
1.58 
1.51 
1.41 
4.00 

op 

0. 10 

April 

May 

.65 
5  59 

June..  __-     - 

3  14 

July  1 

8.25 

Average  for  entire  period- 

85.84 

57.42 

71.63 

80.12 

55.83 

68.03 

5.72 

1.57 

3.60 

1  Temperature  of  woods  cages  above  that  of  field  cages. 
EFFECT   OF  DATE   OF  INSTALLATION  IN   HIBERNATION   CAGES   ON  SURVIVAL 

The  results  of  experiments  to  determine  the  efi'ect  of  date  of  instal- 
lation in  hibernation  cages  on  survival  are  summarized  in  Table  21. 
In  this  tabulation  the  records  of  survival  of  weevils  in  the  cages 
located  in  the  woods  during  the  seasons  of  1924-25  and  1925-26  are 
also  included.  A  total  of  15,661  weevils  were  used  in  this  experi- 
ment during  the  four  years.  The  later  the  weevils  were  installed 
in  hibernation  cages,  the  greater  was  the  percentage  of  survival; 
15.8  per  cent  survived  when  introduced  into  cages  November  23, 
as  contrasted  with  no  survival  when  installed  September  4  to  11. 

Table  21. — -Survival  of  the  boll  weevil  in  all  hibernation  cages,  according  to  date  of 
installation,  Florence,  S.  C,  fall  of  1922  to  spring  of  1926 


Dates  of  installation 

Number 
of  weevils 
installed 

Number 

ofweevils 

issued 

Percent- 
age of 
survival 

Sept.  4  to  11 

989 
2,500 
3,900 
3,375 
3,897 
1,000 

0 
6 

69 
210 
326 
158 

0 

Sept.  18  to  25... 

0.24 

Oct.  1  to  16. 

1  77 

Oct.  22  to  31 

6  22 

Nov.  3  to  14- 

8  37 

Nov.  23... 

15.80 

Entire  period 

16,661 

769 

To  compare  the  effect  of  date  of  installation  upon  percentage  of 
survival,  in  cages  in  the  woods  and  cages  in  the  field,  the  data  obtained 
for  two  hibernation  seasons,  1924-25  and  1925-26,  are  shown  in 
Table  22.     The  figures  for  field  survival  include  only  those  for  cages 
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with  pine-straw  shelter,  since  the  same  material  was  used  in  the  cages 
in  the  woods.  In  the  field  cages  the  lowest  percentage  of  survival 
was  0.1  per  cent  for  weevils  installed  September  17  to  24.  The 
survival  was  7.11  per  cent  for  the  installations  of  November  5  to  14. 
In  the  cages  located  in  the  woods,  the  greatest  number  survived  in 
the  installations  of  October  22  to  31,  namely,  6.47  per  cent;  and 
survival  was  lowest  for  weevils  caged  September  17  to  24,  namely, 
2.13  per  cent.  A  greater  percentage  of  w^eevils  survived  in  the  woods 
than  in  the  field  for  the  corresponding  dates  of  installation,  except 
for  November  5  to  14,  when  the  survival  in  the  field  cages  was  the 
greater. 

Table  22. — Comparison  of  survival  of  the  boll  weevil  according  to  date  of  installation 
in  hibernation  cages  in  field  and  in  woods,  Florence,  S.  C,  fall  of  1924  to  spring 
of  1926 


Field  cages 

Woods  cages 

Dates  of  installation 

Number 
of  weevils 
installed 

Number 

of  weevils 

issued 

Percent- 
age of 
survival 

Number 
of  weevils 
installed 

Number 

of  weevils 

issued 

Percent- 
age of 
survival 

Sept.  17  to  24 

1,000 

2,500 

1,375 

900 

1 
52 
66 
64 

0.10 

2.08 
4.80 
7.11 

1,500 

2,456 
1,375 
1,000 

32 

106 
89 
46 

2  13 

Oct.  1  to  15 

4  32 

Oct.  22  to  31 

6  47 

Nov.  5  to  14 

4  60 

Entire  period 

5,775 

183 

3.17 

6,331 

273 

4  31 

It  is  evident  from  the  data  in  Table  22  that  it  is  possible  for  a  few 
weevils  to  survive  the  winter  when  placed  in  hibernation  as  early  as 
the  middle  of  September,  but  that  the  chances  for  survival  increase 
as  the  date  of  installation  approaches  the  date  for  the  first  killing 
frost. 

PERCENTAGE  OF  SURVIVAL  ACCORDING  TO  TYPE  OF  SHELTER 

The  effect  of  the  kind  of  winter  shelter  upon  survival  is  showm  in 
Table  23.  During  the  four  years  that  this  experiment  was  conducted, 
30,737  weevils  were  used.  The  highest  survival  was  5.64  per  cent 
when  the  shelter  was  piled  cotton  stalks.  The  lowest  was  in  cages 
for  which  no  protective  shelter  was  provided,  where  it  averaged  0.43 
per  cent. 


Table  23. — Survival  of  the  boll  weevil  according  to  type  of  shelter,  Florence,  S.  C, 
spring  of  1923,  1924,  1925,  and  1926 


Type  of  shelter 

Number 
of  weevils 
installed 

Number 

of  weevils 

issued 

Percent- 
age of 
survival 

Cotton  stalks 

4,446 
4,515 
3,994 
4,415 
4,455 
4,429 
4,463 

252 
182 
142 
116 
61 
32 
19 

5.64 

Cornstalks .._ 

4  03 

Pine  straw 

3  56 

Spanish  moss _  . .     . .     

2  63 

Sawdust,  etc 

1  37 

Oat  straw 

72 

Cage  only .  

43 

All  types 

30,  737 

804 

2  62 
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Since  weevils  can  pass  the  winter  successfully  in  a  matting  of 
pine  needles,  it  is  evident  that  pine  woods  are  important  overwintering 
places.  Wooded  areas  where  pine  trees  are  present  are  common,  and 
often  cotton  fields  adjoin  these  or  are  partly  surrounded  by  them. 
Spanish  moss  is  found  only  in  the  most  favorable  localities,  as  this 
section  is  near  the  northern  limit  of  its  distribution.  These  favorable 
situations  are  usually  swampy  areas  or  places  near  the  larger  rivers. 
Cotton  fields  are  rarely  situated  near  extensive  areas  of  Spanish  moss, 
and  the  clmnps  of  moss  near  such  fields  are  too  thin  to  offer  much 
protection.  The  survival  in  sawdust  and  oat  straw  was  compara- 
tively low,  indicating  that  these  materials  offer  poor  protection.  In 
the  season  of  1923-24  no  weevils  survived  in  open  cages  without 
protection,  but  in  the  1924-25  season  there  was  a  survival  of  0.74 
per  cent,  and  in  the  1925-26  season,  when  severe  freezes  occurred, 
1  per  cent  survived.  It  is  thus  possible  for  weevils  to  survive  under 
the  most  adverse  conditions.  The  true  significance  of  these  various 
shelters  as  possible  sources  of  spring  infestation  is  brought  out  later 
in  the  discussion  of  rate  of  emergence  from  various  shelters. 

EMERGENCE   FROM    HIBERNATION 

The  comparative  rate  of  emergence  in  hibernation  cages  in  the 
years  1923  to  1926,  inclusive,  from  March  to  July,  is  shown  by  months 
in  Table  24.  There  was  considerable  variation  for  the  same  month 
in  different  years.  The  lowest  emergence  recorded  for  March  was 
4.9  per  cent  in  1926,  and  the  highest  was  27.65  per  cent  in  1925, 
the  total  emergence  being  used  as  a  basis.  The  emergence  in  April 
ranged  from  33.48  per  cent  in  1923  to  53.92  per  cent  in  1926;  in  May 
from  20.52  per  cent  in  1925  to  51.81  per  cent  in  1923;  in  June  from  5.66 
per  cent  in  1923  to  16  per  cent  in  1924;  and  in  July,  1925,  an  emergence 
of  0.16  per  cent  was  recorded.  The  averages  for  the  4-year  period 
show  that  the  greatest  emergence  from  hibernation  came  during  the 
months  of  April  and  May. 

Table  24. — Number  and  percentage  of  surviving  boll  weevils  emerging  in  cages,  by 
months,  at  Florence,  S.  C.,  1923,  1924,  1925,  and  1926 


March 

April 

May 

June 

July 

Year 

Num- 
ber 

Per 

cent 

Num- 
ber 

Per 
cent 

Num- 
ber 

Per 

cent 

Num- 
ber 

Per 
cent 

Num- 
ber 

Per 
cent 

1923 

40 

6 

349 

5 

9.05 
8.00 
27.65 
4.90 

148 
27 

556 
55 

33.48 
36.00 
44.06 
53.92 

229 

F>^  81 

25 
12 
96 
11 

5.66 
16.00 

7.61 
10.78 

1924 

30       40.00 

1925 

259 
31 

20.52 
30.39 

2 

0.16 

1926  . 

Total.- 

400 

"2i.'26" 

786 

'"4i."78' 

649 


"29.' 19" 

144 

""7.'66" 

2 

Average. 

0.11 

RELATION  BETWEEN   EMERGENCE  OF   WEEVILS   AND  DEVELOPMENT  OP  THE 

COTTON   PLANT 

The  percentages  of  emergence  in  all  field  cages  concurrent  with 
certain  stages  in  the  development  of  the  cotton  plant  are  shown  in 
Table  25.  From  21.26  per  cent  (in  1923)  to  58.82  per  cent  (in  1926) 
of  the  surviving  weevils  had  emerged  when  cotton  was  first  up.     The 
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percentage  of  emergence  at  the  date  of  first  square  formation  ranged 
from  90.02  per  cent  in  1925  to  99.1  per  cent  in  1923.  Emergence 
after  cotton  started  fruiting  varied  from  0.9  per  cent  in  1923  to  9.98 
per  cent  in  1925. 

Table  25. — Percentage  of  emergence  of  overwintered  boll  weevils  in  cages  before  and 
after  development  of  first  squares  on  cotton,  Florence,  S.  C,  1923,  1924,  1925,  and 
1926 


Period 


Percentage  of  weevil  emergence 


1923         1924         1925         1926 


When  cotton  plants  were  first  up 

Before  first  squares  formed 

After  first  squares  formed 


21.26 

99.10 

.90 


40.00 

97.33 

2.67 


50.63 
90.02 
9.98 


58.82 

98.03 

1.97 


COMPARISON  OF  RATE  OF  EMERGENCE  IN  FIELD   AND  IN   WOODS  CAGES 

In  1925  weevils  emerged  faster  in  field  cages  than  in  those  located 
in  the  woods,  but  the  reverse  was  true  in  1926.  (Table  26.)  The 
difference  in  the  rate  of  emergence  of  weevils  in  the  two  situations  w^as 
quite  marked  in  1925,  when  there  was  a  heavy  survival.  That  year 
emergence  ended  on  June  17  in  the  field,  but  riot  until  July  1  in  the 
woods.  In  1926  emergence  in  the  woods  was  completed  May  24  and 
in  the  field  June  22. 

Table  26. — Comparative  rate  of  emergence  of  overwintered  boll  weevils  in  field  and 
woods  cages,  Florence,  S.  C,  1925  and  1926 


1925 

1926 

Month 

Field 
cages 

Woods 
cages 

Field 
cages 

Woods 
cages 

March... 

Per  cent 
23.70 
65.18 
94.00 

MOO.  00 

Per  cent 
2L30 
56.25 
75.39 

U00.00 

Per  cent 
0 

45.83 
83.33 

UOO.OO 

Per  cent 
0 

April 

82  35 

May .. 

1  100  00 

June... ...     ... 

May  24. 


2  June  17. 


July  1. 


<  June  22. 


RATE  OF  EMERGENCE  ACCORDING   TO   TYPE  OF  SHELTER 

There  was  a  definite  relationship  between  the  rate  of  emergence 
and  the  type  of  shelter.  The  data  on  this  are  summarized  in  Table 
27,  by  semimonthly  periods,  for  1924,  1925,  and  1926.  Weevils  re- 
mained in  hibernation  longer  in  shelters  of  pine  straw  and  cornstalks 
than  in  the  other  materials  tested,  whereas  with  sawdust,  or  with  no 
protection  other  than  the  cage,  the  emergence  was  completed  early. 
The  rate  of  emergence  from  Spanish  moss  was  also  comparatively 
slow.  The  dates  of  last  emergence  in  the  different  cages  for  the  3-year 
period  were  as  follows:  Sawdust,  May  11;  no  shelter,  May  29; 
Spanish  moss,  June  5;  cotton  stalks,  June  6;  oat  straw,  June  9;  corn- 
stalks, June  16;  and  pine  straw,  June  17. 
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Table  27. — Emergence  of  overwintered  boll  weevils  in  cages,  by  semimonthly  periods, 
from  different  types  of  shelter,  Florence,  S.  C,  1924,  1925,  and  1926 


Boll  weevils  emerging 

from— 

Date 

Pine  straw 

Cornstalks 

Spanish 
moss 

Cotton 
stalks 

Oat  straw 

Cage  only 

Sawdust 

Num- 
ber 

Per 
cent 

Num- 
ber 

Per 
cent 

Num- 
ber 

Per 
cent 

Num- 
ber 

Per 
cent 

Num- 
ber 

Per 
cent 

Num- 
ber 

Per 

cent 

Num- 
ber 

Per 

cent 

Mar.  15 
31 

Apr.  15 
30 

May  15 
31 

16 
32 
45 
92 
111 
134 
141 
142 

11.27 
22.54 
31.69 
64.79 
78.17 
94.37 
99.30 
100.00 

32 
44 
63 
136 
153 
174 
181 
182 

17.58 
24.18 
34.62 
74.73 
84.07 
95.60 
99.45 
100.00 

23 
33 
41 
79 
92 
110 
116 

19.83 
28.45 
35. 34 
68.10 
79.31 
94.83 
100.00 

59 
79 
118 
204 
218 
246 
252 

23.41 
31.35 
46.83 
80.95 
86.51 
97.62 
100.00 

11 
16 
19 
30 
31 
31 
32 

34.38 
50.00 
59.38 
93.75 
96.88 
96.88 
100.00 

12 
14 
18 
18 
18 
19 

63.16 
73.68 
94.74 
94.74 
94.74 
100.00 

21 
27 
36 
59 
61 

34.43 
44.26 
59.02 
96.72 
100.  CO 

June  15 

30 

The  value  of  any  material  as  a  shelter  for  the  boll  weevil  depends 
upon  the  percentage  of  these  insects  that  can  survive  the  winter  in 
it,  its  availability,  and  also  the  degree  to  which  the  material  will 
retard  emergence  from  hibernation.  In  this  connection  a  study  of 
Tables  23  and  27  is  interesting.  The  cotton  stalks  were  piled  in  the 
cages  and  thus  did  not  represent  natural  conditions.  While  this 
type  of  shelter  afforded  the  highest  degree  of  protection  during  the 
3-year  period,  it  did  not  retard  weevil  emergence  as  much  as  pine  straw, 
cornstalks,  or  Spanish  moss.  These  shelters,  while  giving  poorer 
protection  to  the  weevil,  nevertheless  retarded  emergence  to  the 
extent  that  they  w^ere  really  more  important  from  tne  standpoint 
of  sources  of  spring  infestation,  since  it  has  been  shown,  in  the  dis- 
cussion of  the  longevity  of  overwintered  weevils,  that  those  weevils 
emerging  after  the  squaring  of  cotton  are  more  hkely  to  live  long 
enough  to  reproduce  their  kind  than  those  emerging  earlier.  This 
is  further  evidence  that  pine  woods  are  an  excellent  place  for  weevils 
to  hibernate,  and  an  important  source  of  spring  infestation.  The 
shelters  giving  poorest  protection,  namely,  sawdust  and  oat  straw, 
likewise  accelerated  emergence.  It  is  also  noted  that  weevils  finished 
emerging  early  in  the  season  when  given  only  a  cage  for  protection. 
This  indicates  that  while  these  insects  may  survive  the  winter  in 
rather  open  and  exposed  situations,  they  become  active  sooner  and 
usually  perish  before  they  can  reproduce.  This  explains  why  over- 
wintered weevils  are  usually  more  numerous  in  those  portions  of  a 
cotton  field  nearest  wooded  areas  or  hedge  rows  early  in  summer 
before  cotton  fruits.  After  cotton  starts  to  set  squares  these  weevils 
seem  to  be  able  to  locate  the  richest  parts  of  the  field  where  the  plants 
fruit  first,  so  the  border  distribution  is  not  so  marked  at  this  time. 


EMERGENCE  AS  DETERMINED   BY  TRAP-CROP  RECORDS 

The  emergence  of  the  boll  weevil  in  1925,  as  determined  by  trap- 
crop  records,  is  shown  in  Table  28.  None  was  found  in  either  of 
the  two  trap  plantings  of  cotton  until  May  14,  in  spite  of  a  very 
careful  plant-to-plant  search.  May  29,  when  the  earliest  squares 
were  formed,  47.01  per  cent  of  the  total  number  of  weevils  found  in 
these  plots  had  been  collected.  The  last  one  was  taken  in  the  plots 
July  6. 
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Table  28. — Collections  of  overwintered  boll  weevils  in  trap  crops,  Florence,  S.  C, 

1925 


-Date  1 

Number 
of  weevils 
collected 

Accumulated  emer- 
gence 

Average 

number 

of  squares 

per  plant 

Number 

Per  cent 

Apr.  23  to  Mav  13 

0 
9 

5 
7 
2 
2 
9 
7 
9 
8 
3 
1 
1 
1 
4 
5 
2 
1 
1 
2 
4 
4 
2 
2 
11 
8 
3 
6 
1 
3 
5 
1 

0 
9 
14 
21 
23 
25 
34 
41 
50 
58 
61 
62 
63 
64 
68 
73 
75 
76 
77 
79 
83 
87 
89 
91 
102 
110 
113 
119 
120 
123 
128 
129 

0 

6.71 
10.44 
15.67 
17.16 
18.66 
25.37 
30.59 
37.31 
43.28 
45.52 
46.26 
47.01 
47.76 
50.74 
54.47 
55.97 
56.71 
57.46 
58.95 
61.94 
64.92 
66.41 
67.91 
76.11 
82.03 
-    84.32 
88.80 
89.55 
91.79 
95.52 
96.26 

0 

May  14 ..      .     ..     _. 

May  15 

Mavis ._ 

May  19 

May  20 

May  21 -          _      .  .         ... 

May  22 

May  23      .    

May  25 

May  26 

May  27 

May29 1.. 

0.035 

Mav  30 

June  1 

June  2.       -_-........-                          .      . 

0.09 

June  3 

June5.-.    ---     .  ...  _._  _      .          ...  

June  6 

Junes 

0.49 

June  9 

June  11 

June  12...       .  . 

June  13. 

June  15 _        ._ 

1.6 

June  16 

June  17    

June  IS 

June  19 

June  20       ....        ... 

June  22 

June  23..      ...  .  ...  ...     .  ...     ..     

June  24 

4.4 

June25 

3 

132 

98.50 

July  1 

8.3 

Julv2 .. 

1 
1 

133 
134 

99.25 
100.00 

July  6                

Examinations  were  made  every  day. 

In  1926,  in  two  similar  plots  under  observation,  the  emergence 
was  very  light.  In  one  planting  no  weevils  were  found,  and  in  the 
other  four  weevils  were  collected  between  June  24  and  June  30. 
In  both  years  emergence  was  mostly  over  by  June  30,  at  about  which 
time  the  first  blooms  appeared. 

EMERGENCE  AS  DETERMINED   BY  FIELD   COUNTS 

Field  coimts  were  made  in  1925  and  1926  to  determine  the  popula- 
tion of  overwintered  weevils.  In  each  field  from  one  to  three  plots 
were  staked  off,  the  number  depending  on  the  two  extremes  of  soil 
type  present.  Usually  one  plot  was  located  on  the  lighter  sandy 
soil  and  the  other  on  the  darker  heavy  soil;  in  only  one  case  was  it 
necessary  to  have  three  such  plots  to  a  field.  Each  plot  was  composed 
of  100  plants.  In  1925  six  of  these  fields  were  under  observation, 
and  weekly  counts  were  made  of  from  600  to  1,200  plants.  First- 
brood  weevils,  which  are  easily  distinguished  from  overwintered  ones, 
were  not  seen  in  the  fields  until  late  June.  Six  counts  taken  at  weekly 
intervals  showed  fluctuations  in  the  number  of  weevils  in  each  field, 
but  the  average  steadily  increased  from  2  weevils  for  each  plot  of  100 
plants  on  May  21  to  4.25  on  June  23  and  24.  (Table  29.)  This 
indicates  that  overwintered  weevils  were  still  entering  the  field  from 
hibernation  during  this  period. 
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Table  29. — Average  number  of  overwintered  boll  weevils  per  100  plants,  according  to 
field  counts,  Florence,  S.  C,  1925 


Date 

Number 
of  plants 

Number 
of  weevils 

Average 
number 
of  weevils 
per  100 
plants 

Date 

Number 
•of  plants 

Number 
of  weevils 

Average 

number 

of  weevils 

per  100 

plants 

May  21 

600 

600 

1,100 

12 
17 
32 

2 

2.83 

2.91 

June  8  and  9 

June  15  and  16 

June  23  and  24 

1,100 
1,200 
1,200 

32 
40 

51 

2.91 

May  28   

3.33 

Tune  1  to  4 

4.25 

In  1926  eight  fields  were  selected,  counts  being  made  on  a  total  of 
1,600  plants.  Overwintered  weevils  were  so  scarce  that  no  data 
were  obtained  this  year  by  field  counts. 

Comparatively  few  weevils  are  found  in  the  fields  of  young  cotton 
in  this  vicinity  until  after  the  true  leaves  have  been  formed.  More- 
over, very  little  evidence  is  at  hand  in  the  nature  of  typical  feeding 
injury  to  show  that  there  is  much  migration  to  cotton  before  this 
time.  This  has  been  proved  by  careful  plant-to-plant  examinations 
in  both  trap  crops  and  in  fields. 

REHIBERNATION  i* 

During  the  months  of  March  and  April,  1925  and  1926,  437  weevils, 
or  64.45  per  cent  of  the  678  weevils  which  emerged  from  hibernation 
before  cotton  came  up,  did  not  die  on  the  day  they  emerged.  (Table 
30.)  Of  these,  226  were  recovered  twice,  119  three  times,  49  four 
tunes,  and  so  on  until  1  weevil  was  recovered  11  times.  In  some 
cases  there  was  no  actual  re  hibernation,  the  weevil  rnerely  surviving 
in  the  cage  from  day  to  day  and  being  marked  each  time.  In  others, 
however,  there  were  definite  periods  during  which  the  weevils  dis- 
appeared for  several  days. 

Table  30. — Number  of  times  boll  weevils  were  recovered  in  hibernation  cages  before 
cotton  came  up,  Florence,  S.  C,  1925  and  1926 


Year 

Date 

cotton 

first 

came  up 

Number 

ofweevils 

emerged 

when 

cotton 

was  up 

Number  of  weevils  that  were  seen  a  specified 
number  of  times 

Percent- 
age of 
weevils 
that  rehi- 
bernated 

11 
times 

8 
times 

7 
times 

6 
times 

5 
times 

4 
times 

3 
times 

2 
times 

1 

time 

1925    

Apr.  21 
Apr.  30 

618 
60 

678 

1 



1 
1 

2 
4 
6 

7 
3 
10 

19 
6 
25 

43 

6 

49 

115 

4 

119 

207 

19 

226 

224 

17 

241 

63.75 

1926 

71.  67 

1925  and  1926 

64.45 

Owing  to  the  large  number  of  these  insects  under  observation, 
it  was  impossible  to  mark  every  one  so  that  it  could  be  distinguished 
from  day  to  day.  In  1925,  however,  the  March  emergence  was  so 
heavy  that  large  numbers  were  marked  with  a  red  dye,  distinguishing 
them  from  those  that  emerged  in  April,  which  were  colored  blue. 
Hence,  when  a  weevil  with  a  red  spot  was  recovered  after  March  in  a 
hibernation  cage  it  was  known  to  have  first  emerged  during  March. 
Table  31  shows  the  reappearance  of  these  March  weevils  during  April 

i<  The  term  "rehibernation"  was  used  by  Hunter  and  Pierce.    See  Hunter,  W.  D.,  ftnd  Pierce,  W.  D. 

THE   MEXICAN  COTTON-BOLL  WEEVIL:   A  SUMMARY  OF  THE   INVESTIGATION  OF  THIS   INSECT  III'  TO  DECEMBER 

31,  1911.  U.  S.  Dept.  Agr.,  Bur.  Ent.  Bui.  114,  p.  117.  1912.  (.U.  S.  Cong.  62d,  2d  sess.,  S.  Doc.  305.) 
While  this  term  is  open  to  criticism,  it  is  probably  as  applicable  to  this  phenomenon,  which  is  only 
partially  understood,  as  any  other  single  term, 
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and  May  and  also  of  two  which  had  first  emerged  in  April.  During 
this  period  there  was  a  definite  reemergence  of  weevils  that  had  first 
emerged  from  hibernation  during  March.  The  greatest  number  were 
recovered  April  3,  and  the  last  one  was  recovered  May  12.  On  May  6 
and  May  31  weevils  were  recovered  which  had  emerged  in  April. 
Obviously  these  weevils  had  a  long  rehibernation  period,  the  exact 
extent  of  which  could  not  be  ascertained.  It  was  possible,  however,  to 
figure  the  minimum  average.  The  maximum  average  period  was  at 
least  34.62  days,  the  minimum  average  19.23.  The  longest  records 
were  somewhere  between  52  and  67  days. 

Table  31. — Number  of  overwintered  boll  weevils  which  had  first  emerged  in  March 
and  April  and  which  reappeared  in  hibernation  cages  after  cotton  came  up,  Florence, 
S.  C,  1925 


Date  1 

Num- 
ber of 
weevils 

Datei 

Num- 
ber of 
weevils 

Datei 

Num- 
ber of 
weevils 

Datei 

Num- 
ber of 
weevils 

Apr.  1 

1  : 

5 
11 
3 

Apr.  8 

5 
2 

1 
4 

1 

Apr.  15... 

3 
2 

1 
4 

1 

'  Apr.  24 

May   6 

,  May  12 

May  31... 

3 

Apr.  2 

Apr.  9 

Apr.  16 

Apr.  17 

2  1 

Apr.  3 

Apr.  10... 

1 

Apr  6 

Apr.  11 

Apr.  20 

2  1 

Apr.  7  .      .     - 

Apr.  12 

Apr.  23 

1  Cages  were  examined  daily  throughout  April  and  May,  but  dates  on  which  no  weevils  reappeared 
are  omitted. 

2  Emerged  in  April;  all  others  had  emerged  in  March. 

The  above-described  experiment  shows  that  many  weevils  emerging 
from  hibernation  too  early  to  find  cotton  are  able  to  return  to  at  least 
a  partially  dormant  condition  and  to  emerge  again  several  weeks 
later  after  cotton  is  up. 

ENTRANCE   INTO   HIBERNATION   IN   FALL 

Weekly  collections  of  Spanish  moss  were  made  from  September  to 
November,  1925,  at  several  different  points  around  Florence  to 
determine  when  weevils  were  entering  hibernation.  Two  hve  weevils 
were  found  in  70  pounds  of  moss  collected  September  1  to  3,  or  an 
average  of  about  57  weevils  per  ton  of  moss.  There  was  no  hint  of 
cool  weather  at  this  date,  and  there  was  no  killing  frost  until  November 
18.  This  indicates  that  some  weevils  may  go  into  dormancy  long 
before  cool  weather. 

Field  counts  made  during  1925  did  not  show  any  significant 
decrease  in  the  weevil  population  until  after  the  counts  made  October 
13  when  there  was  an  average  of  7.36  plants  per  weevil,  as  compared 
with  6.38  on  October  6  and  5.26  on  September  28.  On  October  21 
and  22  this  average  was  10.53.  Consideration  must  be  given  to  the 
fact  that  late  weevils  were  becoming  mature  at  this  time  and  that 
these  would  offset  to  some  extent  those  that  left  the  fields  for  hiber- 
nation. 

In  1926,  counts  made  in  11  fields  showed  an  average  of  10.83 
plants  per  weevil  on  September  20,  13.25  on  September  27,  and  15.07 
on  October  5.  The  number  of  weevils  in  these  fields  continued  to 
decrease  after  these  dates.  This  indicates  that  weevils  began  leaving 
the  fields  in  noticeable  numbers  some  time  between  September  20 
and  27  in  1926. 
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NATURAL   CONTROL 

SPECIES  OF  PARASITES    REARED  AND    NOTES  ON  THEIR  BIOLOGY 

Six  different  species  of  hymenopterous  parasites  have  been  reared 
from  squares  infested  with  boll- weevil  larvae. ^^  During  the  3-year 
period,  in  order  of  numerical  abundance,  they  were  as  follows: 
Microhracon  mellitor  (Say),  Catolaccus  Jiunteri  Cwfd.,  Eurytoma 
tylodermatis  Ashm.,  Eupelmus  cyaniceps  var.  amicus  Gir.,  Triaspis 
curculionis  Fitch,  and  Zatropis  incertus  Ashm.  The  yearly  abundance 
and  seasonal  distribution  of  these  parasites  are  shown  in  Table  32. 

Table  32. — Numerical  relations  and  seasonal  distribution  of  species  of  boll-weevil 
parasites  reared  at  Florence,  S.  C,  1924,  1925,  and  1926 


Species  of  parasite 

Number  reared 

Seasonal  distribution 

1924 

1925 

1926 

Total 

1924 

1925 

1926 

Microbracon  mellitor.. 

Catolaccus  hunteri 

Eurytoma      tylo- 
dermatis 

161 

77 

78 

7 
2 

0) 

114 
14 

8 

5 
0 
0 

305 
64 

62 

8 
0 

(■) 

580 
155 

148 

20 

Aug.  1-Sept.  24... 
Aug.  2-Sept.  26.__ 

Aug.  7-Sept.  18.  __ 

Aug.  13-Sept.  5-__ 
Sept.  23-27.  -      . 

July  6-Sept.  9 

July  11-Aug.  28. -- 

July  Ifr-Sept.  11... 

July  19- Aug.  31..., 

July  14-Oct.  15. 
Julyl5-Sept.  12. 

July  20  -Sept.  12. 

Eupelmus     cyaniceps 

July  22-Sept.  21. 

Triaspis  curculionis 

Zatropis  incertus 

(2)                 

(2). 

1  Several.  2  Dates  of  appearance  not  recorded. 

MICROBRACON   MELLITOR   (SAY) 

Microbracon  mellitor  was  by  far  the  most  abundant  parasite  of  the 
boll  weevil  during  all  three  years.  The  total  number  reared  was 
580.  It  could  be  reared  from  infested  squares  from  practically  all 
fields  at  any  time  of  the  year  that  these  could  be  collected.  In  1926 
the  proportion  of  sexes  was  noted,  and  174  males  and  171  females 
were  reared,  showing  that  the  two  sexes  were  about  equal  in  numbers. 


The  average  length  of  life  of  19  males  was  10  days,  and  the  maximum 
21.  The  average  longevity  of  24  females  was  13.29  days,  and  the 
maximum  35.  The  adult  parasites  are  very  active  during  the  day  and 
may  be  seen  flying  about  in  cotton  fields  heavily  infested  with  the  boll 
weevil.  Oviposition  and  mating  have  not  been  observed,  but  eggs 
were  obtained  by  exposing  weevil-infested  squares  to  the  females  and 
later  dissecting  out  paralyzed  weevil  grubs  bearing  the  freshly  depos- 
ited eggs.  The  weevils  had  not  been  previously  exposed  to  parasite 
attack. 

Cage  records  show  that  during  July  and  August  the  female  requires 
from  two  to  six  days  to  develop  her  eggs  sufficiently  for  oviposition. 
One  series  of  females,  which  issued  July  20,  deposited  their  first  eggs 
between  July  24  and  26;  a  second  series,  which  emerged  August  7, 
began  oviposition  between  August  9  and  10;  and  a  third  series,  which 
matured  August  12,  deposited  their  first  eggs  between  August  14  and 
16.  The  adult  female  is  provided  with  a  comparatively  long  oviposi- 
tor, characteristic  of  braconids  of  this  group,  and  is  thus  able  easily  to 
pierce  through  the  outer  layers  of  a  square  to  locate  and  paralyze  the 


»  Identified  by  A.  B.  Oahan,  Bureau  of  Entomology. 
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weevil  grub.  Weevil  grubs  bearing  Microbracon  larvae  have  also 
been  found  in  bolls,  indicating  that  the  hull  of  the  boll  is  no  obstacle  to 
the  parasite. 

In  most  cases  where  weevil  parasitism  has  been  studied,  M.  meUi- 
tor  has  been  found  to  be  the  most  abundant  parasite.  It  has  often 
been  noted  by  investigators  that  the  percentage  of  parasitism  is  greater 
in  hanging  than  in  fallen  squares.  The  reason  for  this  was  discovered 
when  it  was  found  that  the  female  will  not  oviposit  in  a  weevil- 
infested  square  after  it  has  fallen  from  the  plant  and  is  on  the  ground . 
In  order  to  get  successful  parasitism,  it  was  necessary  to  fasten  the 
squares  to  small  branches  of  cotton  in  the  parasite  cages. 

From  August  16  to  September  20,  14  females  with  males  were  kept 
in  cages  where  they  were  fed  daily  on  sugar  dissolved  in  water,  and 
given  a  fresh  supply  of  weevil-infested  squares  to  parasitize.  These 
squares  were  always  placed  on  the  sand  in  the  bottom  of  the  cage. 
No  adult  Microbracon  wasps  were  reared  from  these  squares  and  no 
eggs  or  other  stages  found  on  the  weevil  grubs  after  they  had  been 
exposed.  On  September  20  aU  females  which  were  still  alive  in  this 
experiment  were  dissected  and  eggs  were  found  in  the  ovaries,  showing 
that  they  were  normal  in  this  respect.  At  the  same  time  this  experi- 
ment was  being  conducted  other  females  were  being  successfully 
induced  to  oviposit  under  the  same  conditions,  except  that  the  squares 
were  hung  on  the  plants. 

The  female  parasite  prefers  nearly  full  grown  or  completely  grown 
weevil  larvae  for  oviposition.  In  no  cases  were  eggs  laid  on  small  or 
partly  developed  weevil  grubs,  but  on  the  other  hand  approximately 
100  cases  of  oviposition  on  large  weevil  larvae  were  recorded.  At  this 
stage  the  larva  has  eaten  all  or  nearly  all  floral  parts  of  the  square, 
leaving  only  the  outer  shell. 

GROWTH    AND    DEVELOPMENT 

The  egg  is  club-shaped  and  slightly  curved,  with  one  pole  much 
blunter  and  broader  than  the  other.  It  is  pearly-white,  with  an 
opaque  region  sometimes  in  the  middle  third  and  sometimes  extending 
almost  throughout  the  egg  contents.  The  shell  is  not  sculptured. 
The  size  varies  from  0.866  to  1.256  millimeters  in  length  and  from 
0.173  to  0.225  millimeter  across  the  broader  end.  The  egg  is  not 
firmly  glued  to  the  larva  of  the  weevil  and  is  found  in  the  square  in  the 
vicinity  of  the  host  as  often  as  upon  it.  Usually  but  one  egg  to  a 
weevil  grub  is  laid,  but  occasionally  two  are  found. 

The  weevil  grub  is  always  completely  paralyzed  by  the  adult  para- 
site and  does  not  recover  even  though  the  egg  is  removed  before  it 
hatches.  The  grub  is  not  immediately  killed  by  stinging,  and  the 
dorsal  vessel  can  be  seen  pulsating  in  a  feeble  and  irregular  manner. 
The  range  is  from  22  to  35  beats  per  minute  directly  after  being 
parasitized,  which  is  somewhat  less  than  that  of  the  unparasitized 
weevil  grub.  It  was  difficult  to  determine  the  pulse  beat  of  the 
normal  weevil  grub,  as  it  varied  considerably,  beating  slowly  and 
irregularly  about  thirty-nine  times  per  minute  when  the  grub  was 
undisturbed,  but  strongly  and  more  rapidly  when  disturbed.  At  the 
end  of  24  hours  the  pulse  of  the  parasitized  weevil  larva  is  weaker  and 
slower.  The  dorsal  vessel  has  been  observed  to  beat  feebly  from  one 
to  three  days  after  paralysis,  whether  or  not  the  parasite  larva  is 
present,  so  apparently  the  poison  of  the  sting,  rather  than  the  activi- 
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ties  of  the  small  parasitic  larva,  kills  the  grub  in  most  cases.  If  the 
egg  is  removed,  the  weevil  grub  often  remains  in  a  preserved  condition 
for  three  to  eight  days  before  decay  sets  in.  The  incubation  period 
averaged  about  24  hours,  as  determined  by  15  records  from  August  26 
to  September  16. 

The  hatching  of  the  parasitic  larva  has  been  observed  several 
times  and  is  as  follows:  Just  prior  to  hatching  the  segments  of  the 
larva  can  be  seen  through  the  shell  of  the  egg,  giving  the  latter  a 
segmented  appearance.  The  movements  of  the  larva  within  cause 
the  larger  end  to  oscillate  slightly,  after  which  the  head  of  the  larva 
appears.  The  latter  gradually  worms  its  way  out  of  the  eggshell, 
which  crumples  up  after  emergence. 

The  parasite  larva  is  very  active  when  first  hatched,  and  crawls 
about  the  smooth  body  of  the  host  with  a  peculiar  crawling  and  looping 
movement,  appearing  to  have  a  sucking  disk  or  pad  on  the  last  seg- 
ment. The  larva  at  this  time  usually  prefers  to  locate  on  the  side  of 
the  body  of  the  host  near  the  material  on  which  it  is  resting  or  actually 
under  the  body.  As  soon  as  possible  a  point  is  selected  and  feeding 
begins.  If  disturbed,  the  parasite  moves  away  and  locates  another 
spot,  and  it  may  also  shift  its  position  normally  several  times. 

The  full-grown  parasite  larva  is  of  a  sordid,  yellowish-white  color 
with  darker  coloring  within.  Series  of  roughened  projections  are 
present  ventrally  to  take  the  place  of  prolegs  and  are  used  in  loco- 
motion, aided  by  a  posterior  sucking  pad.  After  the  cocoon  is  spun 
and  prior  to  the  prepupal  stage  the  larva  passes  through  a  distinct 
change.  It  becomes  darker  in  color  and  assumes  a  mottled  appear- 
ance, which  is  due  to  the  presence  of  small  white  particles  showing  up 
against  a  dark  background  within  the  body.  Directly  after  this  the 
larva  enters  the  prepupal  stage. 

During  July  and  August  from  2  to  3  days  elapse  from  the  time  of 
hatching  to  the  spinning  of  the  cocoon  by  the  parasite.  The  larval 
stage  lasts  from  7  to  8  days  and  the  pupal  stage  from  2  to  3.  The 
entire  development  from  the  time  of  egg  deposition  to  the  emergence 
of  the  adult  parasite  takes  from  8.5  to  13  days,  with  an  average  of 
10.19  days,  from  31  records. 

On  one  occasion  a  weevil  grub  was  dissected  from  a  square  bearing 
two  Microbracon  eggs.  These  hatched  at  about  the  same  time  and 
for  a  while  both  parasitic  larvae  fed  upon  thehost  in  the  usual  manner. 
Then  one  was  found  feeding  upon  the  other,  which  was  dead  but  not 
entirely  eaten.  It  is  thus  apparent  that  normally  one  Microbracon 
develops  from  a  single  weevil  larva. 

CATOLACCUS  HUNTERI   CWFD. 

The  total  number  of  Catolaccus  Jiunteri  reared  from  boll  weevils 
in  three  years  was  155.  Of  the  64  individuals  reared  in  1926,  14  were 
males  and  47  were  females,  the  sex  of  three  being  unknown.  This 
species  was  not  reared  from  forms  collected  in  certain  fields,  showing 
that  its  distribution  was  somewhat  localized. 

EURYTOMA   TYLODERMATIS   ASHM. 

Eurytoma  tylodermatis' were  nearly  as  abundant  as  Catolaccus  hunteri, 
148  being  reared  in  three  years.  Of  the  62  individuals  reared  in  1926, 
22  were  males  and  38  females,  2  not  being  classified  as  to  sex.  This 
species,  like  the  preceding  one,  was  not  reared  from  squares  collected 
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CAUSES    OF    MORTALITY    OF    IMMATURE    STAGES    OF    THE 
BOLL    WEEVIL 

In  1925  and  1926  weekly  collections  of  weevil-infested  squares 
w^ere  made  from  several  fields  in  the  vicinity  of  Florence.  The  squares 
were  collected  from  widely  scattered  points  about  each  field  so  as  to 
be  as  nearly  representative  as  possible  of  conditions  in  the  planting. 
The  same  fields  were  visited  for  collections  throughout  the  entire 
season.  In  addition  to  picking  up  these  forms  which  had  shed  because 
of  weevil  infestation,  whenever  possible  a  collection  was  made  of 
those  infested  forms  which  had  dried  and  were  hanging  on  the  plants. 
The  squares  were  then  dissected  to  determine  the  percentages  of 
live  and  dead  weevil  stages  and  to  ascertain  the  cause  of  the  mortahty. 
The  results  of  this  study  are  presented  in  the  paragraphs  that  follow. 

MORTAUTY  DUE   TO   PARASITISM 

The  death  rate  caused  by  parasites  in  1925  was  much  higher  in 
hanging  forms  than  in  fallen  forms,  averaging  29.56  per  cent  for  the 
former  and  6.75  per  cent  for  the  latter.  The  highest  mortality  from 
parasites  in  hanging  squares  was  found  to  be  35.63  per  cent  on  July 
20.  After  this  date  the  percentage  of  parasitism  diminished  gradu- 
ally, with  one  exception,  until  the  end  of  the  weekly  examinations, 
August  17.  In  fallen  squares  the  average  for  this  section  never 
reached  10  per  cent  for  the  entire  period.  There  was  considerable 
variation  in  the  seasonal  average  degree  of  parasitism  found  in  fallen 
squares  in  different  fields,  ranging  from  3.56  to  12.27  per  cent.  In 
the  two  fields  from  which  hanging  squares  were  obtained,  it  ranged 
from  27.66  to  32.08  per  cent. 

In  1926  the  average  parasitism  in  fallen  squares  was  7.84  per  cent, 
as  compared  with  22.71  per  cent  in  hanging  squares.  This  year  the 
highest  percentage  of  parasitism  in  hanging  squares  was  reached 
July  22.  No  examinations  were  made  after  July  29  owing  to  lack 
of  material.  In  fallen  squares  the  percentage  of  parasitism  for  all 
fields  was  slightly  higher  than  in  1925,  but  was  below  10  per  cent 
excejjt  in  the  examinations  of  August  4,  when  it  slightly  exceeded 
this.  The  field  variation  ranged  from  2.37  to  10.34  per  cent  for  fallen 
squares  and  from  14.06  to  51.52  per  cent  for  hanging  squares. 

MORTAUTY  DUE  TO  HEAT 

In  1925,  during  the  months  of  July  and  August,  the  mortahty  from 
heat  was  lower  in  forms  hanging  on  the  plants  than  in  those  collected 
from  the  ground,  averaging  41.18  per  cent  in  fallen  squares  in  eight 
fields  during  this  period,  as  compared  with  18.63  per  cent  in  hanging 
forms.  In  fallen  squares  it  increased  from  16.95  per  cent  July  2  to 
70.09  per  cent  August  17,  and  in  hanging  forms  from  11.95  per  cent 
July  13  to  27.08  per  cent  August  10,  then  dropped  to  18.75  per  cent 
August  17.  There  was  also  a  considerable  variation  in  the  mortality 
in  fallen  squares  in  different  fields,  this  ranging  from  35.81  to  48.38 
per  cent.  In  the  two  fields  from  which  hanging  squares  were  obtained 
there  was  considerable  weekly  variation,  but  the  average  for  the 
season  was  about  the  same  for  both. 

In  1926,  as  compared  with  1925,  there  was  no  definite  increase  in 
mortality  from  heat  in  fallen  squares  observed  in  seven  fields  as  the 
season  advanced,  but  there  was  a  considerable  weekly  variation,  a 
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peak  of  48.7  per  cent  being  reached  July  22.  After  this  there  was  a 
marked  drop  for  two  weeks,  followed  by  increases  until  a  second  peak 
was  reached  August  18.  As  in  1925,  the  mortahty  for  the  season  was 
lower  in  hanging  squares  than  in  those  fallen,  the  averages  being  12.51 
per  cent  for  the  former,  as  compared  with  25.73  per  cent  for  the  latter. 
There  was  also  considerable  variation  in  the  different  fields  in  both 
hanging  and  fallen  squares,  ranging  from  3.17  to  29.41  per  cent  for 
hanging  and  from  7.51  to  38.99  per  cent  for  fallen  squares.  The 
average  mortality  was  considerably  lower  in  1926  than  in  1925  in 
both  fallen  and  hanging  squares.  In  both  years  the  high  percentage 
of  mortality  in  fallen  squares  was  undoubtedly  largely  due  to  heat 
from  direct  sun  rays. 

MORTALITY  DUE  TO   PREDATORS 

The  mortalitj^  caused  by  predators  was  very  slight  in  both  1925 
and  1926.  During  the  first  year,  in  fallen  squares,  it  ranged  from 
1.65  per  cent  July  13  to  none  July  2,  never  reaching  2  per  cent  and 
being  usually  below  1  per  cent.  In  hanging  squares  in  1925  it  varied 
considerably  from  week  to  week,  but  there  was  an  average  for  the 
period  of  1.01  per  cent  as  compared  with  0.59  per  cent  for  fallen 
forms.  In  fallen  squares  there  was  a  range  of  from  0.24  to  0.91  per 
cent  in  different  fields,  and  in  hanging  squares  from  one  field  no 
mortality  was  recorded  and  from  the  other  field  1.77  per  cent.  In 
1926  no  definite  records  were  obtained  for  hanging  squares,  and  the 
average  for  the  season  for  fallen  squares  was  0.03  per  cent. 

MORTALITY  DUE   TO  PROLIFERATION 

In  1925  the  greatest  mortality  due  to  proliferation  in  fallen  squares 
was  7.66  per  cent  on  July  7;  in  hanging  squares  it  was  2.08  per  cent 
on  August  10.  There  was  a  considerable  weekly  variation,  but  the 
average  was  low,  being  3.22  per  cent  for  fallen  squares  and  0.4  per 
cent  for  hanging  squares.  The  average  mortality  in  different  fields 
ranged  from  2.16  to  5.13  per  cent  for  fallen  squares,  but  there  was 
little  variation  in  hanging  squares. 

In  1926  the  highest  mortality  due  to  proliferation  was  2.75  per 
cent  August  18  for  fallen  squares  and  2.82  per  cent  July  7  for  hangmg 
squares.  The  average  was  1.16  per  cent  for  hanging  squares,  as  com- 
pared with  1  per  cent  for  those  fallen.  The  average  mortality  due 
to  proliferation  in  different  fields  for  fallen  squares  ranged  from  0.28 
to  3.16  per  cent,  and  for  hanging  forms  from  0  to  6.06  per  cent. 

MORTAUTY  DUE   TO  DISEASE   AND   UNKNOWN  CAUSES 

In  fallen  squares  in  1925  the  death  of  immature  stages  due  to 
disease  and  unknown  causes  was  less  than  1  per  cent  throughout  the 
period  of  examination,  except  on  July  7,  when  it  was  3.83  per  cent. 
In  hanging  squares  it  was  3.14  per  cent  on  July  13,  and  no  stages 
were  found  to  have  been  killed  by  disease  or  unknown  causes  after 
this  date.  The  average  in  fallen  squares  was  0.93  per  cent  and  in 
hanging  squares  1.01  per  cent.  The  field  variation  in  mortality  due 
to  these  causes  ranged  from  0.19  to  2.05  per  cent  in  fallen  squares, 
and  from  0  to  1.77  per  cent  in  hanging  squares, 
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In  1926  the  mortality  due  to  these  causes  was  much  higher  than 
in  1925,  the  peak  being  reached  July  22,  when  it  was  12.97  per  cent 
for  fallen  and  7.89  per  cent  for  hanging  squares.  The  average  for 
the  year  was  4.52  percent  for  hanging  and  4.11  per  cent  for  fallen 
squares.  The  field  variation  in  mortality  due  to  these  causes  ranged 
from  0  to  8.18  per  cent  in  fallen  squares  and  from  3.17  to  9.09  per 
cent  in  hanging  squares. 


Figure  36. — Mortality  of  the  boll  weevil  in  squares,  due  to  all  causes,  Florence,  S.  C,  1925  and 

1926 


TOTAL  MORTAUTY 


Figure  36  shows  graphically  the  percentage  of  total  mortality  in 
both  hanging  and  fallen  squares  for  1925  and  1926. 

The  mortality  in  fallen  squares  in  1925  ranged  from  23.21  per  cent, 
July  2,  to  79.34  per  cent,  August  17.  (Table  33.)  The  first  peak  in 
the  curve  plotted  to  show  this  was  reached  July  7,  after  which  there 
was  a  falling  off  until  after  July  20,  followed  by  steady  increases.  The 
average  for  the  season  in  fallen  squares  was  52.67  per  cent,  as  compared 
with  50.61  per  cent  in  hanging  squares.  (Table  34.)  The  figures  for 
the  latter  show  a  higher  percentage  of  mortality  than  for  fallen  squares 
early  in  the  season,  but  after  August  3  it  w^as  lower. 
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Table  33.- 

— Mortality  of  boll-weevil  stages  in  fallen  squares  due  to  all  causes, 
Florence,  S.  C,  1925  . 

Date 

Cause 

Heat 

Predators 

Parasit- 
ism 

Prolif- 
eration 

Disease 
or  un- 
known 
cause 

Total 

July  2 

Per  cent 
16.95 
27.65 

Per  cent 
0 

1.0 
1.65 
.66 
.52 
.28 
.10 
.19 

Per  cent 
1.79 
5.02 
8.74 
7.55 
8.41 
6.43 
6.41 
6.43 

Per  cent 
4.02 

7.66 
5.55 
2.95 
1.66 
1.42 
.57 
2.63 

Per  cent 
0.45 
3.83 
.59 
.66 
.62 
.38 
.29 
0 

Per  cent 
23  21 

July  7 

July  13 

July  20 

19.24 
19.69 
31.97 

35.77 
31  51 

July  27 

43  18 

Aug.  3 

55.82 
62.42 
70.09 

64  33 

Aug.  10 

69  79 

Aug.  17 

79  34 

Average..-. 



41.  18 

.59 

6.75 

3.22 

.93 

.52.  67 

Table  34. — Mortality  of  boll-weevil  stages  in  hanging  squares  due  to  all  causes, 

Florence,  S.  C,  1925 


Date 


Cause 


Heat 


Predators 


Parasit- 
ism 


Prolif- 
eration 


Disease 
or  un- 
known 
cause 


Total 


July  13 

July  20 

July  27 

Aug.  3 

Aug.  10 

Aug.  17 

Average. 


Per  cent 
11.95 
20.60 
20.20 
23.19 
27.08 
18.75 


Per  cent 
1.26 
0 

2.02 
0 

2.08 
0 


Per  cent 
27.67 
35.63 
32.33 
33.33 
27.09 
9.38 


Per  cent 
0.63 
0 
0 
0 

2.08 
0 


Per  cent 
3.14 
0 
0 
0 
0 
0 


Per  cent 
44.65 
56.32 
54.55 
56.52 
58.33 
28.13 


18.63 


1.01 


29.56 


40 


LOl 


50.61 


In  1926  the  total  mortality  in  fallen  squares  was  38.71  per  cent, 
which  was  lower  than  in  1925.  (Table  35.)  The  curve  plotted  out 
for  this  shows  a  considerable  difference  as  compared  with  that  of  1925, 
in  that  the  highest  death  rate,  71.18  per  cent,  occurred  much  earlier, 
namely,  July  22.  A  second  high  point,  which  was  lower  than  the  first, 
was  reached  August  18.  The  total  mortality  in  hanging  squares  was 
slightly  greater  'than  that  in  fallen  ones,  averaging  40.9  per  cent 
during  the  short  period  in  which  examinations  were  made  to  determine 
this.  The  maximum  mortality  in  fallen  and  hanging  squares  was 
recorded  on  the  same  date.     (Table  36.) 


Table  35.- 


■Mortality  of  boll-weevil  stages  in  fallen  squares  due  to  all  causes, 
Florence,  S.  C,  1926 


Date 


July  5  to  10.. 
July  12  to  17. 
July  19  to  24. 
July  26  to  31 . 
Aug.  2  to  7-- 
Aug.  9to  14- 
Aug.  16  to  21 
Aug.  23  to  28 

Average. 


Cause 


Heat 


Per  cent 
29.19 
20.83 
48.70 
24.74 
14.28 
21.88 
33.25 
17.53 


25.73 


Predators 


Per  cent 
0 
0 
0 
0 
0 
0. 
0 
0 


24 


,03 


Parasit- 
ism 


Per  cent 
1.43 
8.33 
9.51 
8.95 
10.33 
S.  12 
7.25 
6.77 


7.84 


Prolif- 
eration 


Per  cent 
0.96 


05 


0 

1. 

0 

2.12 

2.75 

0 


1.00 


Disease 
or  un- 
known 


Per  cent 
4.31 
4.83 
12.97 
4.38 
.88 
2.35 
2.50 
1.20 


Total 


Per  cent 
35.  89 
34.65 
7L18 
39.12 
25.49 
32.71 
45.75 
2.").  50 


38.71 
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Table  36. — Mortality  of  boll-weevil  stages  in  hanging  squares  due  to  all  causes, 

Florence,  S.  C,  1926 


Date 


July  5  to  10. 
July  12  to  17 
July  19  to  24 
July  23  to  31 

Average. 


Cause 


Heat 


Per  cent 
10.49 
13.50 
14.21 


12.51 


Predators 


Per  cent 
0 
0 
0 
0 


Parasit- 
ism 


Per  cent 
10.08 
22.59 
37.90 
27.42 


22.71 


Prolif- 
eration 


Per  cent 

2.82 
.55 
.53 

0 


1.16 


or  un- 
known 
cause 


Per  cent 
1.61 
4.41 
7.89 
6.45 


4.52 


Total 


Per  cent 
25.00 
41.05 
60.53 
43.55 


40.90 


SUMMARY 

Climate  exerts  a  very  important  influence  upon  the  seasonal  cycle 
of  the  cotton  boll  weevil  at  Florence,  S.  C.  Unusually  low  tempera- 
tures, such  as  11°  F.  or  lower,  appear  to  be  unfavorable  for  the  over- 
wintering weevils.  Hot,  dry  summers,  as  experienced  in  1925  and 
1926,  are  also  unfavorable,  The  frequency  of  rains,  as  well  as  the 
total  rainfall,  has  an  important  bearing  on  boll-weevil  development. 

After  being  punctured  once,  a  square  remained  on  the  plant,  on  an 
average,  7.35  days.  When  given  their  preference,  weevils  never 
punctured  squares  less  than  6  days  old  for  egg  deposition.  The 
younger  a  boll  was,  the  greater  was  the  average  number  of  feeding 
punctures  made  by  weevils  in  a  24-hour  period. 

In  two  varieties  of  short-staple  and  one  of  long-staple  upland  cotton, 
more  egg  punctures  per  boll  were  made  in  bolls  from  6  to  20  days  old 
than  in  those  1  to  5  days  old,  but  after  20  days  the  number  per  boll 
dropped  steadily.  For  these  same  varieties  the  average  cotton  loss 
in  terms  of  locks  damaged  or  destroyed  w^as  highest  in  bolls  1  to  5  days 
old,  and  it  dropped  rapidly  for  all  three  varieties  until  the  bolls 
opened. 

There  was  a  maximum  of  four  generations  per  season,  of  which  the 
first  and  second  were  large,  while  the  third  and  especially  the  fourth 
were  incomplete.  Most  of  the  emergence  and  oviposition  of  the  dif- 
ferent broods  came  before  the  middle  of  August. 

The  seasonal  cycle  of  the  boll  weevil  was  closely  correlated  with 
and  dependent  upon  the  fruiting  of  the  cotton  plant.  Development 
of  the  weevil  was  most  rapid  during  the  period  of  maximum  produc- 
tion of  squares  and  was  checked  after  the  plants  had  shed  most  of 
the  squares  and  young  bolls. 

The  average  longevity  of  overwintered  weevils  in  hibernation  cages 
before  cotton  was  available  for  food  was  5.65  days.  In  the  late  fall 
weevils  may  live  as  long  as  29  days  without  food  or  water.  In  field 
cages  the  average  length  of  life  before  square  formation  was  8.13 
days  and  after  square  production  it  was  19.32  for  males  and  15.99 
for  females.  The  maximum  longevity  was  82  days  for  males  and 
81  for  females.  In  these  same  cages  the  preoviposition  period  averaged 
7.21  days,  the  oviposition  period  12.66  days,  the  average  number  of 
eggs  deposited  per  female  81.21,  and  the  daily  rate  of  egg  deposition 
6.42.     The  maximum  fecundity  in  field  cages  was  440  eggs.     The 
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average  period  of  development  in  squares  in  the  field  was  18.3  days 
and  in  bolls  32.31  days. 

In  tumblers  the  average  longevity  of  overwintered  weevils  before 
squares  were  produced  in  the  spring  was  14.01  days,  and,  after  square 
production  began,  64.39  for  males  and  57.79  for  females.  In  these 
same  tumblers  the  preoviposition  period  averaged  8.24  days,  the 
oviposition  period  52.6  days,  the  average  number  of  eggs  per  female 
was  120.95,  and  the  daily  rate  of  egg  deposition  2.3  eggs.  In  tumblers 
the  maximum  longevity  was  140  +  days  and  the  maximiun  number  of 
eggs  deposited  was  423. 

The  average  period  of  development  of  the  boll  weevil  in  picked 
squares  when  placed  in  the  insectary  was  14.42  days. 

The  average  daily  rate  of  egg  deposition  in  lantern-globe  cages 
was  7.43  eggs,  and  the  maximum  fecundity  was  631  eggs. 

When  the  weevils  were  fed  on  bolls  the  average  longevity  for  males 
was  48.02  days  and  for  females  56.43,  the  preoviposition  period  5.64, 
the  oviposition  period  49.88,  the  total  number  of  eggs  54.78,  and  the 
average  daily  rate  of  oviposition  1.1  eggs. 

The  average  longevity  of  overwintered  females  mated  the  previous 
fall  was  79.2  days,  the  preoviposition  period  7.9,  the  oviposition 
period  64.8,  the  fecundity  90.5  eggs,  and  the  average  daily  rate  of 
oviposition  1.40  eggs. 

Dispersal  by  fhght  was  influenced  by  temperature  to  a  slight  extent 
after  it  had  already  begun,  more  weevils  being  in  flight  when  the 
temperature  was  high  than  when  it  was  lower.  Dispersal  was  cor- 
related with  the  interrelation  between  weevil  population  and  square 
production  by  the  cotton  plant,  or,  in  other  words,  with  the  percentage 
of  infestation.  Trap-crop  records  indicate  that  weevils  were  flying 
from  field  to  field  at  least  as  early  as  July  13,  1925,  and  July  22,  1926. 

The  average  winter  survival  at  Florence,  S.  C,  for  four  seasons 
(faU  of  1922  to  spring  of  1926)  was  3.27  per  cent,  the  maximum  was 
11.05  per  cent  in  1923,  and  the  minimum  0.35  per  cent  in  1924.  In 
1925  and  1926,  3.17  per  cent  of  weevils  survived  in  field  cages  as 
compared  with  4.31  per  cent  in  the  woods  under  conditions  otherwise 
the  same. 

The  shelter  giving  the  most  protection  was  piled  cotton  stalks, 
the  survival  in  this  material  for  the  period  1924  (fall)  to  1926  (spring) 
averaging  5.64  per  cent.  The  survival  in  other  shelters  was  as  follows : 
Cornstalks,  4.03  per  cent;  pine  straw,  3.56;  Spanish  moss,  2.63;  saw- 
dust or  shavings,  1.37;  oat  straw,  0.72;  and  cage  only,  0.43  per  cent. 

For  four  years  (1923  to  1926)  21.26  percent  of  the  weevils  sur- 
viving emerged  in  March,  41.78  in  April,  29.19  in  May,  7.76  in  June, 
and  0.11  in  July.  The  percentage  of  emergence  in  aU  hibernation 
cages  at  date  of  first  square  formation  ranged  from  99.1  in  1923  to 
90.02  in  1925. 

There  was  a  definite  relation  between  rate  of  emergence  and  type 
of  shelter.  Weevils  in  pine  straw,  cornstalks,  and  Spanish  moss 
continued  to  emerge  later  than  those  in  other  shelters.  The  dates  of 
last  emergence  from  the  different  shelters  for  the  3-year  period  were 
as  foUows:  Sawdust,  May  11;  cage  only,  May  29;  Spanish  moss, 
June  5;  cotton  stalks,  June  6;  oat  straw,  June  9;  cornstalks,  June  16; 
and  pine  straw,  June  17. 

The  migration  of  overwintered  weevils  to  cotton  after  emergence, 
as  determined  by  means  of  trap  crops,  showed  that  in  1925  large 
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numbers  migrated  to  cotton  from  May  14  to  June  22.  Field  counts 
made  in  1925  likewise  showed  that  overwintered  weevils  continued  to 
enter  cotton  fields  during  June. 

In  1925  and  1926,  64.45  per  cent  of  th^  overwintered  weevils 
emerging  from  hibernation  before  cotton  came  up  lived  longer  than 
one  da3\  Some  of  these  remained  active  and  alive  in  the  cages  for 
several  days  before  dying,  and  others  ''rehibernated."  These 
rehibernation  periods  varied  in  length,  but  one  weevil  lived  at  least 
as  long  as  52  days  after  first  emergence.  In  April,  1925,  there  was  a 
definite  reappearance  of  March-emerging  weevils  which  extended 
until  May  12. 

Weekly  collections  of  Spanish  moss  made  from  September  to 
November,  1925,  showed  that  some  weevils  entered  hibernation  as 
early  as  September  1.  Field  counts  showed  that  there  was  a  notice- 
able reduction  in  the  weevil  population  in  all  fields  after  the  second 
week  in  October  in  1925  and  late  in  September,  1926,  indicating  that 
the  heaviest  movement  to  hibernation  began  at  about  these  dates. 

Six  species  of  parasites  were  reared,  as  foUows:  Microhracon  mellitor 
(Say),  Catolaccus  hunteri  Cwfd.,  Eurytoma  tylodermatis  Ashm.» 
Eupelmus  cyaniceps  var.  amicus  Gir.,  Triaspis  curculionis  Fitch,  and 
Zatropis  incertus  Ashm.  Among  these  M.  mellitor  was  the  most 
numerous  and  important. 

The  greatest  mortality  in  fallen  squares  was  due  to  heat,  averaging 
41.18  per  cent  in  1925  and  25.73  per  cent  in  1926.  The  mortahty 
caused  by  parasites  averaged  6.75  per  cent  in  1925  and  7.84  per  cent 
in  1926.  Predators  caused  death  rates  of  0.59  and  0.03  per  cent; 
proHferation,  3.22  and  1  per  cent;  disease  or  unknown  causes,  0.93 
and  4.11  per  cent. 

The  mortality  of  the  weevil  due  to  all  causes  in  fallen  squares 
averaged  52.67  per  cent  for  July  and  August,  1925,  and  50.61  per  cent 
in  hanging  squares  during  the  same  period.  In  1926  the  seasonal 
average  was  38.71  per  cent  in  fallen  squares  and  40.9  per  cent  in 
hanging  squares. 
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INTRODUCTION 

In  recent  years  many  experiments  and  tests  have  been  made  with 
various  substances  added  to  lead  arsenate  and  other  spray  mixtures 
to  increase  their  adhesive  and  spreading  qualities.  Some  of  these 
substances  are  soap,  glue,  casein,  molasses,  gelatine,  glucose,  and 
flour. 

Washburn  (12)^  in  1891  recommended  whale-oil  soap  as  an  ad- 
hesive for  sprays  of  Paris  green,  and  stated  that  it  had  given  perfect 
satisfaction.  Fernald  (2)  in  1894  recommended  the  addition. of  2 
quarts  of  glucose  or  molasses  to  each  150  gallons  of  lead-arsenate 
mixture,  to  cause  the  insecticide  to  adhere  to  the  leaves.  Sirrine  (8) 
in  1895  and  later  used  a  resin-lime  mixture  as  an  adhesive  for  Paris 
green  and  Bordeaux  mixture  when  applied  to  cabbage  and  cauli- 
flower.    Lowe   (6)  in  1896  stated  that  glue,  used  at  the  rate  of  2 


1  This  bulletin  is  a  revision  of  and  supersedes  Department  Bulletin  1439,  Fish  Oil,  an 
Efficient  Adhesive  in  Arsenate-of-Lead  Sprays,  published  in  1926. 

^  The  writer  is  indebted  to  A.  F.  Burgess,  formerly  in  charge  of  gipsy-moth  and  brown- 
tail  moth  research  investigations.  Bureau  of  Entomology,  under  whose  direction  the  work 
was  conducted  ;  to  H.  L.  Blaisdell  for  cooperation  in  furnishing  equipment  and  necessary 
help ;  and  to  coworkers  in  the  gipsy-moth  laboratory.  The  photographs  reproduced  in  this 
bulletin  were  prepared  by  the  author. 

2  Italic  numbers  in  parentheses  refer  to  Literature  Cited,  p.  27. 

33084°— 29— ^1  1 


2  TECHNICAL  BULLETIN    111,  U.   S.  DEPT.   OF  AGRICULTURE 

?uarts  to  45  gallons  of  green-arsenite  mixture,  proved  more  satis- 
actory  than  glucose,  used  in  the  same  proportion.  Parker  (7) 
in  1912  suggested  the  possibility  of  using  flour  paste  as  an  adhesive 
for  arsenicals.  Lees  (o)  in  1913  and  1914  tried  a  number  of  sub- 
stances as  adhesives  for  preparations  of  lime  used  as  cover  washes 
for  trees  in  late  winter  and  early  spring.  Some  of  the  substances 
used  were  glue  and  flour,  also  a  mixture  of  whiting,  starch,  glue, 
and  potassium  dichromate.  Berger  (i)  in  1917  reported  good  results 
with  linseed  oil  as  an  adhesive  for  Bordeaux  mixture.  Stearns  (10) 
in  1920  stated  that  he  had  found  that  either  calcium  caseinate  or  sea- 
moss  stock,  prepared  by  boiling  the  moss  in  water,  increased  the  ad- 
hesiveness of  certain  insecticides.  Smith  (9)  in  1922  stated  that  the 
use  of  caseinate  as  a  spreader  in  the  codling-moth  spray  and  the 
dormant  lime-sulphur  spray,  recommended  by  him  for  the  control 
of  orchard  insects  in  Idaho,  added  materially  to  their  effectiveness. 
Headlee  (3)  found  in  1923  that  casein,  and  also  flour,  retain  more 
than  twice  as  much  of  the  lead  arsenate  on  the  foliage  as  is  retained 
when  no  adhesive  is  used. 

In  1921  the  writer  began  a  series  of  experiments  along  this  line,  his 
purpose  being  to  find,  if  possible,  some  substance  which,  when  added 
to  spray  mixtures,  would  cause  them  to  spread  freely  and  adhere 
more  strongly  to  foliage  sprayed  with  them,  especially  glossy  foliage. 

WHY  AN  ADHESIVE  IS  NEEDED 

Spraying  operations  against  the  gipsy  moth  begin  about  May  1  in 
New  Jersey  and  much  later  in  New  England,  and  continue  for  from 
four  to  six  weeks.  All  of  the  material  is  applied  with  high-power 
sprayers,  and  many  tons  of  lead  arsenate  are  used  annually  in  the 
infested  area.  The  areas  to  be  sprayed  are  carefully  planned,  the 
crews  for  each  sprayer  selected,  the  necessary  materials  obtained,  and 
the  time  required  to  cover  these  areas  carefully  determined  in  order 
that  the  spraying  may  be  done  promptly  enough  to  be  effective. 
There  are  many  drawbacks,  however,  which  more  or  less  upset  these 
plans,  among  them  being  bad  weather,  when  no  spraying  can  be  done ; 
at  other  times,  when  large  areas  are  sprayed,  frequent  rains  wash 
practically  all  of  the  poison  from  the  foliage,  and  a  second  and  some- 
times a  third  spraying  is  necessary.  In  such  cases  the  cost  of  spraying 
the  area  is  doubled  or  tripled,  and  where  large  areas  are  concerned  the 
expense  is  much  greater.  Further,  to  be  effective,  the  spray  mixture 
used  in  gipsy-moth  work  must  be  stronger  than  is  ordinarily  used 
against  most  leaf-feeding  insects  and  when  applied  to  the  foliage 
should,  for  maximum  efficiency,  remain  there  during  the  entire  larval 
season  of  the  gipsy  moth.  From  these  facts  it  can  be  seen  that  a 
really  good  adhesive  would  economize  materials  and  labor  and  save 
much  valuable  time. 

PRELIMINARY  EXPERIMENTS 

IN   1921 

In  1921,  1922,  and  1923  the  writer's  experiments  were  conducted  in 
a  small  way,  with  small  hand  sprayers,  compressed-air  sprayers,  or  an 
ordinary  barrel  pump  equipped  with  two  paddles  at  the  bottom  of  the 
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barrel  for  agitation.  In  1921  a  number  of  combinations  were  tried. 
The  mixtures  were  sprayed  upon  glass  plates  and  allowed  to  dry 
thoroughly,  after  which  they  were  tested  by  rubbing  them  lightly 
with  the  fingers  and  by  placing  them  beneath  a  stream  of  lightly  run- 
ning water,  striking  with  about  the  same  force  as  would  be  encoun- 
tered in  a  moderately  heavy  rainstorm.  In  one  case  linseed  oil  was 
the  adhesive  tested;  in  seven  cases  two  ingredients  and  in  one  case 
three  ingredients  were  combined  to  make  the  adhesive.  The  follow- 
ing are  the  results  recorded,  the  specified  quantities  of  the  ingredients 
in  each  case  having  been  mixed  with  100  gallons  of  water  and  6^ 
pounds  of  lead  arsenate : 

Ingredients  and  quantities  Results 

S^SeVoFpaHL-::::  t  ^p^SUdll^P-d  weU ;  easily  dislodge.. 

Flour 3  poundsl         -^ 

Glue 3  pounds]         ^"• 

Flour 3  poundsl         j^ 

Gelatine 3  pounds] 

Casein 3  poundsl  Spread  well;  adhere  better  than  those  men- 
Hydra  ted  lime 3  pounds]     tioned  above. 

^,%1-tZ- Ume-::::::.      3  ^^i\^r>re.a  fainy  well ;  ea.i.y  dislodged. 

Hi^'S- llmeV:::::.  '1  ^"und^}sP--1  ^-^^^y  -U;  rathe.-  ea.Uy  dislodged. 

Soap  powder 3  ix>undsl         -p^ 

Casein 3  i)ounds] 

Plaster  of  Paris 6  pounds] 

Casein 6  pounds  >         Do. 

Hydrated  lime 6  pounds] 

Linseed  oil 3  gallons.  Spread  well ;  not  easily  dislodged. 

In  these  tests  it  was  found  that  the  most  promising  materials  for 
adhesives  were  casein  (lime  being  added  to  bring  it  into  solution)  and 
linseed  oil. 

IN   1922 

In  1922  the  casein  and  linseed  oil  were  given  further  tests,  together 
with  another  adhesive  which  was  considered  of  possible  value. 
Woodland  trees,  such  as  birch,  cherry,  maple,  and  oak,  were  sprayed 
with  these  materials  and  examined  frequently  during  the  summer,  the 
quantity  of  spray  washed  off,  if  any,  being  noted.  The  rainfall  dur- 
ing the  summer  of  1922  was  excessive  in  the  section  where  these  ex- 
periments were  conducted.  From  June  7  to  September  20,  when  the 
last  examination  of  the  foliage  was  made,  a  total  of  18.71  inches  of 
rain  had  fallen.  As  in  1921,  the  specified  quantity  of  the  adhesive  in 
each  case  was  mixed  with  100  gallons  of  water  and  6%  pounds  of 
lead  arsenate.  The  ingredients  and  quantities  taken  for  these  tests 
were  as  follows: 

Linseed  oil 1  gallon. 

Linseed  oil 2  quarts. 

Linseed  oil 1  quart. 

Casein  (proprietary) Three-fourths  pound. 

Gum  arable JEach  three-fourths  pound. 

Potassium  dichromate ] 

The  examination  of  the  foliage  on  September  20  showed  that  in 
the  plot  treated  with  the  largest  proportion  of  linseed  oil  the  greater 
part  of  the  spray  still  remained  on  the  foliage,  but  slightly  less  of  the 
spray  remained  on  the  foliage  in  the  other  two  plots  on  which  linseed 
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oil  was  used.  In  the  plot  on  which  casein  was  used  only  traces  of 
the  spray  could  be  found  on  the  foliage  on  September  20,  whereas  in 
that  treated  with  gum  arabic  more  spray  could  be  seen  than  in  the 
plot  last  mentioned  but  much  less  than  in  those  treated  with  linseed 
oil. 

IN  1923 

As  linseed  oil  proved  the  best  adhesive  of  any  tried  in  1921  and 
1922,  it  was  decided  in  1923  to  try  other  vegetable  oils  and  an  animal 
oil,  to  find,  if  possible,  one  that  would  prove  to  be  a  good  adhesive  but 
much  less  expensive  than  linseed  oil. 

Vegetable  oils  are  placed  in  three  classes — drying,  semidrying,  and 
nondrying.  Of  these  only  the  drying  and  semidrying  oils  were 
used,  the  drying  oils  being  linseed  oil,  soy-bean  oil,  and  Chinese  wood 
oil,  and  the  semidrying  oils  corn  oil  and  cottonseed  oil.  Fish  oil  was 
the  only  animal  oil  used.  Some  of  the  properties  of  these  oils  and 
their  drying  qualities  when  applied  as  a  thin  film  on  any  surface  are 
here  set  forth. 

Linseed  oil  is  obtained  from  the  seeds  of  the  flax  plant,  Limim  usita- 
tisdmrnn^  a  native  of  central  Asia  but  cultivated  in  many  parts  of  the 
world  for  the  fiber,  which  forms  linen,  or  the  seed,  from  which  the 
oil  is  obtained.  The  seeds  contain  from  36  to  42  per  cent  of  oil,  which 
is  obtained  from  them  by  expression  or  extraction.  It  is  of  a  golden- 
yellow  color,  dries  rapidly  on  exposure  to  the  air,  and  adheres  closely 
to  the  surface  beneath. 

Fish  oil,  sometimes  known  as  mossbunker  oil,  pogy  oil,  or  whitefish 
oil,  is  obtained  principally  from  menhaden,  a  shadlike  clupeoid  fish 
of  the  genus  Brevoortia,  very  abundant  on  the  North  Atlantic  coast 
of  the  United  States.  Light-pressed  fish  oil  is  obtained  by  steaming 
the  fish  and  subjecting  it  to  gentle  pressure ;  the  cheaper  grades  are 
extracted  from  the  residues.  The  oil  is  yellow  to  brown  and  dries 
readily  on  exposure  to  the  air,  but  adheres  somewhat  less  strongly 
than  linseed  oil  to  the  surface  beneath.  The  current  (1928)  price  is 
about  75  cents  per  gallon  in  barrel  lots. 

Corn  oil,  known  also  as  maize  oil,  is  obtained  from  the  germ  of 
corn,  after  it  has  been  separated  in  the  manufacture  of  starch,  or 
from  the  residues  of  corn  obtained  in  the  fermentation  of  alcohol. 
The  oil  from  the  former  source  is  pale  to  golden  yellow;  that  from 
the  latter,  reddish  brown.  Corn  oil  dries  readily  on  exposure  to  the 
air,  but  does  not  adhere  so  closely  to  the  surface  beneath  as  does  lin- 
seed oil  or  fish  oil.     Its  price  is  about  $1  per  gallon  in  barrel  lots. 

Soy-bean  oil,  sometimes  known  as  soja  oil  or  Chinese  bean  oil,  is 
extracted  from  soy  beans.  It  is  pale  yellow  to  brown  and  dries 
slowly  on  exposure  to  the  air,  forming  a  soft  film.  Its  price  is  about 
$1.10  per  gallon  in  barrel  lots. 

Chinese  wood  oil,  known  also  as  tung  oil,  is  imported  from  the 
Orient,  is  pale  yellow  to  dark  brown,  and  on  exposure  to  the  air  dries 
more  rapidly  than  linseed  oil,  but  does  not  adhere  strongly  to  the  sur- 
face beneath.     Its  price  is  about  $2.60  per  gallon  in  barrel  lots. 

Cottonseed  oil  is  obtained  from  the  seeds  of  the  cotton  plant,  is 
pale  yellow,  and  dries  slowly  on  exposure  to  the  air,  but  does  not 
adhere  to  the  surface  beneath  quite  so  well  as  does  corn  oil.  Its  price 
is  about  $1.05  per  gallon  in  barrel  lots. 
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As  a  preliminary  test  of  the  adhesiveness  of  sprays  of  lead  arsenate, 
each  containing  one  of  the  six  oils  which  have  just  been  described,  it 
seemed  best  to  spray  them  on  glass  plates  and  observe  their  behavior 
after  drying.  Standard  lead-arsenate  mixture  was  used,  separate 
portions  of  which  contained  one-half  of  1  per  cent  and  one-fourth  of 
1  per  cent  of  each  of  the  oils,  making  12  different  mixtures,  all  suc- 
cessively sprayed  on  glass  plates.  A  cylindrical  sprayer  of  the  com- 
pressed-air type  was  used,  the  material  being  agitated  by  an  occa- 
sional shaking  of  the  sprayer.  All  of  the  oils  mix  mechanically  with 
the  water  and  are  distributed  through  it  in  very  fine  globules.  It  was 
found  better  to  add  the  lead  arsenate  before  adding  the  oil ;  by  doing 
so  the  latter  remained  for  a  longer  time  distributed  through  the  mix- 
ture, and  undoubtedly  the  oil  attached  itself  more  or  less  to  the 
particles  of  lead  arsenate. 

It  wa3  observed  that  linseed  oil  mixes  well  with  the  spray, 
spreads  very  well  over  the  plate,  and  when  dry  adheres  strongly 
to  the  glass.  Fish  oil  mixes  practically  as  well  as  the  linseed  oil 
and  is  nearly  as  adhesive.  Corn  oil  mixes  readily  and  spreads  fairly 
well  over  the  plate,  but  does  not  adhere  so  strongly  as  does  linseed 
oil  or  fish  oil.  Soy-bean  oil  does  not  mix  well  with  the  spray 
mixture;  even  after  violent  agitation  of  the  mixture  the  oil  rises 
quickly  to  the  surface.  It  doe3  not  adhere  strongly  to  the  glass 
plate.  Chinese  wood  oil  mixes  readily  and  spreads  fairly  well  over 
the  plate,  but  does  not  adhere  to  the  surface  nearly  so  well  as  linseed 
oil  or  fish  oil.  It  dries  more  rapidly  than  any  of  the  other  oils 
used.  Cottonseed  oil  mixes  fairly  well  with  the  mixture  and  is  next 
to  corn  oil  in  its  adhesiveness. 

In  thi3  experiment  linseed,  fish,  and  corn  oils  gave  the  most  satis- 
factory results.  The  mixtures  containing  one-fourth  of  1  per  cent 
of  oil  proved  practically  as  efficient  as  those  containing  twice  that 
proportion. 

In  the  summer  of  1923  standard  lead-arsenate  mixtures,  each 
containing  one-fourth  of  1  per  cent  of  one  of  the  oils  previously 
mentioned,  w^ere  sprayed  upon  foliage,  and  observations  were  made 
frequently  during  the  season.  On  June  15  of  that  year  a  few  wood- 
land trees — oak,  birch,  maple,  and  hickory — were  sprayed  with  the 
lead-arsenate  mixture  containing  linseed  oil,  and  gome  oak,  birch, 
hickory,  beech,  and  maple  trees  with  the  mixture  containing  fish  oil. 
On  July  12  a  few  birch,  oak,  cherry,  hazel,  and  ash  trees  were  sprayed 
with  the  lead-arsenate  mixture  containing  corn  oil.  Each  of  these 
three  sprays,  when  applied  to  the  foliage,  has  about  the  same  spread- 
ing qualities. 

On  September  30  the  last  examination  of  the  sprayed  foliage  was 
made.  From  the  time  of  the  application  of  the  linseed-oil  and  fish- 
oil  sprays  to  this  date  5.74  inches  of  rain  had  fallen,  and  4.95  inches 
from  the  time  of  application  of  the  corn-oil  spray.  It  was  found  that 
very  little  of  the  linseed-oil  and  fish-oil  mixtures  had  been  washed  off. 
More  of  the  corn-oil  mixture  had  left  the  foliage,  in  spite  of  the  fact 
that  the  linseed-oil  and  fish-oil  sprays  were  subjected  to  a  greater 
amount  of  rainfall.  It  was  evident  that  corn  oil  is  not  quite  so  effi- 
cient an  adhesive  a3  is  linseed  oil  or  fish  oil. 

In  the  course  of  this  season  a  few  experiments  were  conducted 
with  other  materials  as  spreaders  and  stickers;  some  of  the  sub- 
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stances  used  were  a  semisolid  sodium  auto  soap,  powdered  glue,  and 
a  proprietary  casein  product.  Soap  was  used  at  the  rate  of  2  pounds 
to  100  gallons  of  water,  and  the  lead-arsenate  mixture  containing 
soap  was  sprayed  June  11,  1923,  on  the  foliage  of  oak,  cherry,  birch, 
hazel,  and  maple  trees.  This  material  caused  the  spray  to  spread 
entirely  over  the  surface  of  the  leaf,  and  in  all  the  experiments  made 
no  other  substance  used  could  quite  compare  with  soap  ag  a  spreader. 
After  a  total  of  4.15  inches  of  rain  had  fallen  since  the  application 
of  the  spray  on  June  11,  the  foliage  was  examined  on  July  31,  1923, 
and  practically  all  of  the  material  was  found  to  have  been  washed 
from  it ;  only  a  very  small  quantity  of  the  poison  could  be  seen. 
On  September  30  hardly  a  trace  of  the  spray  could  be  found. 

As  the  results  of  the  experiments  with  powdered  glue  and  the 
proprietary  casein  product  did  not  show  much  promise,  no  details 
relating  to  them  are  given.  This  season's  result  showed  that  linseed 
oil  and  fish  oil  were  the  most  satisfactory  adhesives,  with  linseed 
oil  perhaps  slightly  the  better  of  the  two,  but  the  difference  was  very 
slight.  The  price  of  linseed  oil  in  barrel  lots  in  April,  1923,  was 
$1.17  per  gallon ;  that  of  fish  oil,  79  cents  per  gallon.  As  the  differ- 
ence in  effectiveness  between  linseed  oil  and  fish  oil  was  so  slight, 
and  the  difference  in  price  was  so  great,  it  ican  be  seen  that  fish  oil 
was  the  best  all-around  adhesive  used  in  the  season  of  1923. 

EXPERIMENTS  CONDUCTED  ON  A  LARGE  SCALE  IN  1924 

From  1921  to  1923,  inclusive,  all  of  the  experiments  with  adhesives 
were  conducted  in  a  small  way,  small  sprayers  and  very  limited 
areas  being  used.  In  1924  these  experiments  were  conducted  on  a 
larger  scale,  with  high-powered  sprayers.  (Fig.  1.)  The  adhesives 
tested  were  linseed  oil,  fish  oil,  corn  oil,  flour,  a  proprietary  casein 
product,  soap,  and  a  proprietary  miscible  oil.  Two  large  areas  in 
Somerville,  N.  J.,  were  used;  one  on  Watchung  Eidge,  containing 
about  34  acres  of  deciduous  growth,  including  more  than  25  different 
species,  and  the  other  in  Dukes  Park,  containing  9  acres  of  solid 
blue  spruce. 

EXPERIMENTS  WITH  DECIDUOUS  TREES  IN  NEW  JERSEY 

On  Watchung  Kidge  nine  plots,  containing  from  2  to  4  acres  each, 
were  under  observation.  On  these  plots  tests  were  made  of  lead  ar- 
senate with  the  following  adhesives:  Soap,  corn  oil,  fish  oil,  linseed 
oil,  proprietary  casein  product,  flour,  and  proprietary  miscible  oil; 
and  lead  arsenate  without  an  adhesive  was  also  tested. 

In  the  Dukes  Park  area  seven  plots  were  selected,  each  containing 
1%  acres.  The  same  adhesives  were  used  here  as  in  the  Watchung 
Ridge  plots,  with  the  exception  of  the  proprietary  miscible  oil.  An- 
other area  of  seven  1-acre  plots,  containing  a  mixed  growth,  was  se- 
lected in  Saugus,  Mass.,  and  in  these  plots  the  same  adhesives  were 
used  as  in  the  Watchung  Ridge  area,  except  the  proprietary  miscible 
oil  and  the  soap.  A  small  area  was  selected  in  Melrose  Highlands, 
Mass.,  for  experiments  with  the  proprietary  miscible  oil. 
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The  season  of  1924  was  an  excellent  one  for  testing  the  adhesive 
qualities  of  different  substances,  the  rainfall  on  the  plots  in  both  New 
Jersey  and  Massachusetts  being  above  normal.  After  the  spraying 
TV  as  finished  and  the  materials  were  thoroughly  dried,  representative 
collections  of  the  foliage  were  made  from  each  of  the  plots.  After 
each  moderate  or  heavy  rain  another  collection  of  foliage  from  each 
of  the  plots  was  made,  care  being  taken  to  select  samples  which  were  not 
blotchy  or  oversprayed 
and  which  were  located 
in  the  open  where  they 
would  be  subjected  to 
the  full  force  of  the  rain 
during  the  season.  The 
quantity  of  spray  mate- 
rial washed  off  was  esti- 
mated by  comparing  it 
with  the  foliage  taken 
from  the  plot  shortly 
after  the  poison  was 
applied.  The  same 
method  was  continued 
throughout  the  season. 
Careful  examinations 
of  the  foliage  were  also 
made  to  note  if  any  in- 
jury had  taken  place. 
The  following  year 
plots  were  sprayed  with 
lead-arsenate  mixtures 
both  with  and  without 
an  adhesive,  collections 
of  the  foliage  were 
made  at  different  pe- 
riods during  the  season, 
and  chemical  examina- 
tions of  the  spray  re- 
maining on  the  foliage 
were  made.  The  results 
of  these  tests  showed, 
by  comparison,  that 
they  did  not  differ  very 
materially  from  those 
made  during  the  sea- 
son of  1924. 

The  auto  soap  previously  mentioned  was  mixed  with  a  small  quan- 
tity of  water  and  added  to  the  contents  of  the  spray  tank.  Lead- 
arsenate  mixtures  containing  this  material  spread  well,  entirely  cov- 
ering the  surface  of  all  kinds  of  foliage.  The  spraying  for  testing  this 
adhesive  was  done  on  a  partly  cloudy  day.     (Fig.  2.) 

The  corn  oil,  owing  to  excellent  agitation,  mixed  immediately  with 
the  lead-arsenate  mixture.     The   spraying   was   done   on   a   partly 


Figure     1. — High-power     spraying     in     operation     at 
Watchung    Ridge,    Somerville,    N.   J.,    1924 
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cloudy  day  with  a  light  wind.    The  spray  spread  fairly  well  over  all 
kinds  of  foliage,  but  not  so  well  as  did  the  soap  mixture.     (Fig.  3.) 

The  fish   oil,  when   added  to   the   lead-arsenate   mixture,  mixed 
almost  instantly.    It  was  sprayed  on  a  partly  cloudy  day  with  light 


Figure  2. — Appearance  of  foliage  in  plot  at  Watchung  Ridge,  sprayed  with  mixture 
containing  soap  as  adhesive.  A,  Foliage  shortly  after  application  of  spray,  June  4, 
1924  ;  B.  foliage  on  September  17,  1924 


Figure  3. — Appearance  of  foliage  in  plot  at  Watchung  Ridge,  sprayed  with  mixture 
containing  corn  oil  as  adhesive.  A,  Foliage  shortly  after  application  of  spray,  June 
4,  1924 ;  B,  foliage  on  September  17,  1924 

to  moderate  wind.     This  material  spread  over  the  foliage  slightly 
better  than  the  corn  oil,  but  not  so  well  as  the  soap.     (Fig.  4.) 

The  linseed  oil  mixed  with  the  spray  mixture  as  readily  as  did  fish 
oil.  The  spraying  was  done  on  a  partly  cloudy  day.  The  spray 
spread  fairly  well,  but  did  not  cover  the  entire  leaf,  as  did  the  soap 
mixture.     (Fig.  5.) 


FISH   OIL  AS  AN   ADHESIVE   1^   LEAD-ARSENATE    SPRAYS  \) 

The  proprietary  casein  product,  a  well-known  article  on  the  market, 
was  mixed  with  a  small  quantity  of  water  before  being  added  to  the 
lead-arsenate  mixture  in  the  spray  tank.  The  weather  at  the  time  of 
spraying  was  partly  cloudy  to  cloudy.     This  material  spread  well 


Figure  4. — Appearance  of  foliage  in  plot  at  Watehung  Ridge,  sprayed  with  mixture 
containing  flsti  oil  as  adhesive.  A,  Foliage  shortly  after  application  of  spray,  June  5, 
1924 ;  B,  foliage  on  September  17,  1924 


Figure  5. — Appearance  of  foliage  in  plot  at  Watchung  Ridge  sprayed  with  mixture 
containing  linseed  oil  as  adhesive.  A.  Foliage  shortly  after  application  of  spray, 
June  5,  1924  ;  B.  foliage  on  September  17,  1924 

over  the  surface  of  the  foliage  sprayed  except  the  new  growth  on 
white  oak;  as  a  spreader  it  was  not  so  good  as  soap,  but  somewhat 
better  than  any  of  the  other  materials  used.     (Fig.  6.) 

The  flour  used  as  one  of  the  adhesives  contained  16  per  cent  of 
gluten  and  was  thoroughly  mixed  with  the  lead  arsenate  before 
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being  brought  into  mixture  in  the  spray  tank.  The  day  of  the 
spraying  was  partly  cloudy.  The  mixture  spread  fairly  well  over 
some  of  the  foliage,  but  not  well  over  that  of  white  oak.  It  was  only 
slightly  better,  if  any,  than  the  lead  arsenate  used  alone.     (Fig.  7.) 


Figure  6. — Appoarance  of  foliage  in  plot  at  Watchung  Ridge  sprayed  with  mixture 
containing  casein  as  adhesive.  A,  Foliage  shortly  after  application  of  spray,  June 
6,  1924  ;  B,  foliage  on  September  17,  1924 


Figure  7. — Appearance  of  foliage  in  plot  at  Watchung  Ridge  sprayed  with  mixture 
containing  flour  as  adhesive.  A,  Foliage  shortly  after  application  of  spray,  June  7, 
1924  ;  B,  foliage  on  September  17,  1924 

The  proprietary  miscible  oil  mixed  readily  with  the  lead-arsenate 
mixture.  The  day  of  spraying  was  partly  cloudy.  Mixtures  con- 
taining this  material  did  not  spread  well  over  the*  foliage,  especially 
that  of  the  oaks.     (Fig.  8.) 

Lead-arsenate  mixture,  without  the  addition  of  special  adhesive, 
did  not  spread  well  over  the  foliage,  especially  the  oaks,  and  very 
little,  if  any,  would  adhere  to  the  new  growth  on  white  oaks.  The 
spraying  of  this  mixture  was  done  on  a  partly  cloudy  day.     (Fig.  9.) 
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EXPERIMENTS  WITH  CONIFEROUS  TREES  IN  NEW  JERSEY 

As  already  stated,  a  9-acre  tract  of  blue  spruce  was  chosen  for  test- 
ing the  various  adhesives  when  sprayed  on  the  foliage  of  coniferous 
trees.    The  foliage  of  the  blue  spruce  trees  was  very  thick,  and  it 


Figure  8. — Appearance  of  foliage  in  plot  at  Watchuns  Ridge  sprayed  with  mixture 
containing  proprietary  miscible  oil  as  adhesive.  A,  Foliage  shortly  after  application 
of  spray,  June  9,  1924  ;  B,  foliage  on  September  17,  1924 


Figure  9. — Appearance  of  foliage  in  plot  at  Watchung  Ridge  sprayed  with  lead- 
arsenate  mixture  without  the  addition  of  special  adhesive.  A,  Foliage  shortly 
after  application  of  spray,  June  9,  1924  ;  B,  foliage  on  September  17,  1924 

was  found  necessary  to  use  a  spreader  on  the  spraying  nozzle,  and  to 
force  the  spray  in  between  each  tier  of  branches.  Both  the  new 
foliage  of  the  season  and  the  older  foliage  were  observed.  The  vari- 
ous adhesives  were  mixed  with  the  lead-arsenate  mixtures  in  the  same 
ma?iner  as  in  the  experiments  with  deciduous  trees.    The  proprietary 
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miscible  oil,  which  had  been  tried  in  the  experiments  with  deciduous 
trees,  was  not  used  with  coniferous  trees. 

No  special  plot  was  laid  out  for  experimenting  with  soap,  as  large 
areas  of  spruce  throughout  the  park  were  being  sprayed  with  lead- 
arsenate  mixture  containing  it.  In  all  cases  the  spray  spread  wel] 
over  the  old  foliage  but  not  so  well  over  the  new  growth. 

The  fish  oil  spread  well  over  the  old  foliage  but  not  quite  so  wel] 
over  the  new  growth.  On  the  latter,  however,  it  was  just  as  good  as 
soap,  if  not  a  trifle  better.  The  mixture  containing  it  was  sprayed 
on  a  partly  cloudy  day  with  a  light  wind. 

The  linseed  oil  spread  well,  about  as  well  as  the  fish  oil,  over  the 
old  growth.  The  day  of  spraying  was  partly  cloudy  with  a  light 
wind. 

The  corn  oil  did  not  spread  so  well  over  the  foliage  as  did  fish  oil 
and  linseed  oil.  When  the  spraying  was  done  the  weather  was 
cloudy. 

The  spray  mixture  containing  flour  spread  fairly  well  on  the  old 
growth  when  sprayed  on  spruce,  but  not  so  well  on  the  new  growth, 
being  only  slightly  better  than  lead  arsenate  alone.  The  spraying 
was  done  on  a  partly  cloudy  day. ' 

The  proprietary  casein  product  was  found  to  spread  very  well 
over  the  old  growth,  but  over  the  new  growth  not  any  better  than  the 
fish  oil,  if  as  well.    It  was  sprayed  on  a  clear  day. 

The  lead-arsenate  mixture  without  special  adhesive  spreads  fairly 
well  over  the  old  foliage,  but  will  not  spread  over  the  new  growth, 
and  only  a  very  little  of  the  spray  will  remain  on  it. 

For  all  the  plots,  25  pounds  of  powdered  lead  arsenate  was  used  to 
400  gallons  of  water,  and  to  this  mixture  was  added  the  quantity  of 
adhesive  recorded  in  Table  1. 

The  spraying  of  the  deciduous  and  coniferous  foliage  used  for 
these  experiments  was  begun  June  4  and  completed  June  9,  as  far 
as  the  trees  at  Watchung  Kidge  and  Dukes  Park  were  concerned. 
On  June  14  an  examination  was  made  of  the  foliage  which  had  been 
sprayed  with  the  different  mixtures,  except  the  coniferous  foliage 
sprayed  with  the  mixture  containing  soap  as  the  adhesive,  and  in 
the  case  of  each  one  an  estimate  was  made  of  the  percentage  remain- 
ing of  the  spray  which  had  originally  adhered.  Between  this  date 
and  that  of  the  latest  spraying  all  of  the  foliage  had  been  subjected 
to  rainfall  of  from  li/4  to  I14  inches.  On  June  26  a  similar  examina- 
tion was  made  of  foliage  of  several  kinds,  including  that  previously 
omitted;  up  to  this  time  the  rainfall  since  the  last  date  of  spraying 
had  amounted  to  3  inches.  Similar  examinations  were  made  on  July 
9,  August  11,  September  17,  and  October  1,  the  total  rainfall  on  the 
sprayed  foliage  at  those  dates  being  51/2  to  6,  9,  I51/2,  and  19  inches, 
respectively.  At  least  three,  and  in  nearly  all  cases  four,  examina- 
tions were  made  for  each  spraying  with  a  given  adhesive.  Table  1 
gives  various  data  relating  to  the  adhesives  used,  their  application, 
and  the  results  of  the  several  examinations  of  the  foliage  sprayed. 
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EXPERIMENTS   WITH  DECIDUOUS   TREES   IN   MASSACHUSETTS 

In  order  to  compare  the  results  of  the  tests  made  on  the  Somerville, 
N.  J.,  plots,  especially  those  of  the  Watchung  Ridge  area,  with  results 
of  similar  tests  on  plots  located  in  New  England,  a  mixed  woodland 
was  selected  at  Saugus,  Mass.  Seven  plots,  each  containing  about  an 
acre,  were  sprayed,  and  the  same  adhesives  were  used  with  the  lead 
arsenate  as  were  used  in  the  Watchung  Ridge  area,  with  the  excep- 
tion of  the  proprietary  miscible  oil,  which  was  tested  in  a  small  plot 
at  Melrose  Highlands,  Mass.  Deciduous  growth  only  was  used  in 
Saugus  and  Melrose  Highlands.  The  adhesives  were  added  to  the 
spray  mixtures  in  the  same  proportions  as  were  used  in  the  experi- 
ments in  Somerville.  The  spraying  was  done  on  June  12  and  13, 
except  that  for  the  miscible  oil  which  was  done  on  June  24.  '  The 
sprayed  foliage  was  examined  on  June  26,  July  22,  August  5,  and 
September  23,  except  that  at  Melrose  Highlands,  which  was  examined 
on  the  last  two  dates  only.  On  these  four  dates  the  total  rainfall 
after  the  dates  of  spraying  was  about  1,  2%,  3,  and  151/2  inches,  re- 
spectively. In  Table  2  are  presented  various  data  relating  to  these 
tests,  more  particularly  the  estimated  percentages  which  remained  of 
the  adhering  spray.  Here,  as  in  the  preceding  tests,  the  drying  oils 
are  shown  to  be  superior  to  the  other  adhesives  used. 

Table  2. — Data  relative  to  tests  of  adhesives  in  lead-ar senate  sprays  at  Saugus 
and  Melrose  Highlands,  Mass.,  in  1924,  on  deciduous  growth 
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Corn  oil 

...do..... 

14 
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103 
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Flour.- 

June  13 

18 
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53 
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Fish  oil 
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13 

.88 
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39 

2.2 

90 
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Linseed  oil 
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Miscible  oil  i 

June  242 

42 

2.40 

65 

91 

15.11 

40 

Proprietary.  2  Between  June  12  and  June  24,  0.52  inch  of  rain  fell, 

SUPERIOR  ADHESIVENESS  OF  DRYING  OILS 

The  value  of  any  adhesive  material  is  determined  by  the  length  of 
time  that  it  will  bind  the  spray  to  the  foliage.  Heavy  rainfall  or  an 
excessive  amount  of  fog  or  dew  causes  the  poison  gradually  to  dis- 
appear. Lead-arsenate  sprays  to  which  any  of  the  three  drying  oils 
tested — i.  e.,  fish  oil,  linseed  oil,  or  corn  oil — were  added  resisted 
throughout  the  season  the  washing  action  of  the  rain.  The  other 
materials  tested  were  loss  satisfactory,  as  they  failed  to  bind  the 
poison  firmly  to  the  foliage.     There  was  a  tendency  for  the  small 
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particles  of  poison  to  become  loosened  and  detached  after  having 
been  exposed  to  considerable  moisture,  whereas  the  only  observed 
effect  of  rainfall  on  the  drying  oils  was  a  slight  weathering  of  the 
poison  on  the  sprayed  surface.  When  growing  foliage  is  treated  a 
considerable  loss  of  poison  per  unit  area  results,  owing  to  the  rapid 
increase  in  the  leaf  area,  with  no  increase  in  the  quantity  of  poison  on 
the  leaf.  This  is  true,  regardless  of  the  adhesive  used,  but  more 
spray  remains  if  one  of 
the  drying  oils  named 
is  added  to  the  lead 
arsenate. 

TESTS  WITH  A  BAR- 
REL PUMP 

On  August  15,  1924, 
two  small  plots  in  a 
mixed  woodland  at 
Saugus,  Mass.,  were 
sprayed  with  the  stand- 
ard lead-arsenate  mix- 
ture to  which  was  added 
one-fourth  of  1  per  cent 
of  linseed  oil  for  one 
plot  and  one- fourth  of 
1  per  cent  of  fish  oil 
for  the  other  plot.  The 
pump  used  was  of  the 
ordinary  barrel  type, 
having  two  paddles  at 
the  bottom  as  an  agi- 
tator. After  the  water 
and  the  lead  arsenate 
had  been  mixed  in  the 
barrel  the  oil  was  added 
and  the  whole  agitated 

for  five  minutes.  The  mixture  was  allowed  to  stand  for  one  hour. 
Most  of  the  oil  was  taken  up  by  the  lead  arsenate,  but  a  small 
quantity  of  free  oil  arose  to  the  surface.  The  pump  was  then 
started  and  the  spray  applied.  The  material  spread  well  over  the 
foliage.  The  plots  were  examined  on  October  1,  47  days  after  the 
spraying,  more  than  10  inches  of  rain  having  fallen  in  the  meantime. 
It  was  estimated  that  not  over  15  per  cent  oi  the  originally  adhering 
material  in  the  linseed-oil  plot  and  20  per  cent  of  that  in  the  fish-oil 
plot  had  been  washed  off,  and  no  injury  was  noted  on  any  of  the 
foliage.     (Fig.  10.) 

ADHESIVES  INJURIOUS  TO  FOLIAGE 

MISCIBLE   OIL 

For  testing  its  possible  injuriousness  to  foliage,  the  proprietary 
miscible  oil  was  used  in  two  dilutions;  one,  the  stronger,  in  the  pro- 
portion of  1  gallon  of  the  oil  to  100  gallons*  of  water,  and  the  other 
in  the  proportion  of  1  to  150.    Two  plots  of  foliage  in  the  Watchung 


,^^^^ 

^^^ 

u 

J 

Figure  10. — Appoarauoe  of  foliage  in  plot  at  Saugus, 
Mass.,  47  daj's  after  applieatiou  of  spray  mixture  con- 
taining fish  oil  as  adhesive ;  the  foliage  had  mean- 
while been  exposed  to  10  inches  of  rainfall 
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Ridge  area  were  sprayed  on  June  9,  1924,  each  with  one  of  these 
dilutions. 

On  July  9  the  sprayed  foliage  on  both  plots  was  carefully  ex- 
amined, and  on  both  some  of  it  had  suffered  injury,  the  more  exten- 
sive damage  being  found  on  the  plot  sprayed  with  the  weaker  mix- 
ture. Here  the  foliage  on  the  maple,  oak,  ash,  elm,  and  dogwood 
trees  showed  burning,  some  of  it  severe.  In  the  other  plot  slight 
burning  was  noticed  on  some  of  the  maple,  oak,  and  dogwood  foliage. 
The  adhering  spray  seemed  to  have  been  washed  away  from  the  leaves 
here  much  more  than  from  the  foliage  on  the  plot  sprayed  with  the 
weaker  mixture,  which  may  account  for  the  more  severe  injury  to 
the  latter.  Slightly  more  burning  in  both  of  these  plots  was  observed 
later  in  the  season. 

The  proprietary  miscible  oil,  diluted  in  the  same  two  proportions 
as  for  the  plots  at  Watchung  Ridge,  was  similarly  tested  on  two 
plots  at  Melrose  Highlands,  both  of  which  were  sprayed  on  June  24. 
On  June  26,  two  days  later,  in  the  plot  sprayed  with  the  stronger 
mixture,  young,  tender  growth  on  red  oak  was  found  to  be  badly 
burned,  and  wild  cherry  foliage  somewhat  less  so.  On  June  28  these 
injuries  were  more  severe,  especially  in  the  case  of  the  wild  cherry, 
a  number  of  leaves  having  suffered  so  badly  that  they  had  fallen  off, 
and  fruit  w^hich  had  been  touched  by  the  spray  had  become  discolored 
and  injured.  On  July  2  many  wild  cherry  leaves  had  fallen  off 
and  some  of  them  had  turned  entirely  black.  Slightly  more  burn- 
ing was  noted  from  time  to  time  for  the  rest  of  the  season. 

The  foliage  sprayed  with  the  weaker  mixture  suffered  less  injury. 
On  June  26  and  28  the  wild  cherry  leaves  were  slightly  burned,  and 
much  more  severely  on  July  2.  As  in  the  case  of  the  other  plot, 
the  injury  progressed  slightly  during  the  season. 

CORN  OIL 

In  the  Watchung  Ridge  area  at  Somerville,  N.  J.,  slight  burning 
was  observed  on  dogwood  foliage  sprayed  with  the  mixture  contain- 
ing corn  oil,  but  no  injury  was  noted  on  any  of  the  other  trees. 
Slight  burning  was  noted  on  some  of  the  foliage  in  the  plot  in  the 
same  area  sprayed  with  the  mixture  containing  no  adhesive,  so  that 
the  injury  in  this  area  may  not  have  been  due  to  the  corn  oil.  No 
other  injury  was  found  in  any  of  the  other  plots,  either  at  Somer- 
ville or  Saugus. 

TESTS  WITH  RAW  OILS 


On  August 


7, 1924,  to  determine  the  effect  of  the  direct  application 
of  raw  oils  to  foliage,  linseed  oil,  fish  oil,  and  corn  oil  were  sprayed 
separately  in  a  raw  state  upon  cherry,  oak,  and  gray  birch  foliage 
on  selected  trees  at  Melrose  Highlands.  The  trees  were  located  at 
the  edge  of  a  woodland  and  in  the  direct  sunlight.  The  spraying 
was  done  between  2.30  and  3  p.  m.,  the  temperature  in  the  shade 
being  96°  F.  All  of  the  oils  spread  over  the  entire  surface  of  the 
foliage  to  which  they  were  applied.  When  the  foliage  was  examined 
August  9  at  10  a.  m.,  all  was  found  in  good  condition.  It  appeared 
waxy,  and  the  oils  were  almost  entirel}^  dry.  (Fig.  11.)  It  was 
again  examined  August  13,  but  no  burning  by  any  of  the  oils  was 
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noted ;  on  September  2  the  foliage  still  appeared  waxy,  with  no  burn- 
ing apparent.  As  a  further  test,  on  September  6  a  few  cherry,  hazel, 
and  gray  birch  trees  were  sprayed  with  crude  (raw)  fish  oil,  the 
cheapest  grade  obtainable.  The  foliage  was  examined  September  11, 
no  signs  of  burning  being  found ;  still  later  examinations  showed  no 
injury.  It  may  be  inferred  from  these  experiments  that  foliage 
would  not  be  injured  if  the  oil  added  to  the  spray  mixture  should  be 
applied  unevenly  to  the  trees. 

EXPERIMENTS  WITH  COATED  LEAD  ARSENATE 

In  1924  woodland  plots  located  in  Somerville,  N.  J.,  and  Saugus, 
Mass.,  were  sprayed  with  lead  arsenate  coated  with  lead  oleate,  and 
the  results  obtained  were  given  in  Department  Bulletin  1439  (4). 
The  formula  used  was  unsatisfactory,  as  indicated  by  the  results. 


Figure  11. — Appearance  of  leaves  as  affected  by  spraying :  A,  Foliage  sprayed  with 
Jead-arsenate  mixture  containing  fish  oil ;  B,  foliage  sprayed  with  raw  fish  oil ; 
C,  foliage  not  sprayed 

In  1927  further  experiments  were  conducted  with  coated  lead- 
arsenate  paste,  prepared  by  a  concern  which  manufactures  this 
material  according  to  the  latest  specifications  recommended  for  the 
control  of  the  Japanese  beetle.  This  coated  lead-arsenate  paste  {11) 
contained  2  per  cent  of  lead  oleate. 

In  using  this  coated  lead-arsenate  paste  it  is  necessary  to  apply 
two  and  one-^alf  times  the  required  quantity  (by  weight)  of 
powdered  lead  arsenate  in  order  to  have  an  equivalent  quantity  of 
arsenic  pentoxide  (As^Og). 

Accordingly  two  large  woodland  plots  heavily  infested  with  the 
gipsy  moth  were  selected  in  Freetown,  Mass.,  and  were  sprayed  the 
same  day.  One  was  treated  with  coated  lead  arsenate  in  the  pro- 
portion of  10  pounds  to  100  gallons  of  water  and  the  other  with  4 
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pounds  of  powdered  lead  arsenate  and  1  pint  of  fish  oil  in  the  same 
quantity  of  water.    Duplicate  tests  were  also  made  at  Saugus,  Mass. 

Equal  poisoning  of  the  caterpillars  resulted  in  all  of  the  plots  and 
no  foliage  injury  was  noted. 

The  spray  was  applied  in  the  Freetown  plots  on  June  3,  1927,  and 
collections  of  foliage  were  made  on  that  date  and  on  August  10  after 
a  total  rainfall  of  10  inches.  Analyses^  of  the  collected  samples 
showed  that  51.6  per  cent  of  the  spray,  expressed  in  terms  of  AsgOg, 
remained  on  the  foliage  in  the  lead  arsenate  and  fish  oil  plot  and 
18.4  per  cent  in  the  coated  lead-arsenate  plot. 

The  Saugus  plots  were  sprayed  June  21:  and  foliage  collections 
were  made  on  that  date  and  on  August  1.  During  this  period 
6  inches  of  rain  fell.  The  analyses  of  collected  samples  showed  that 
66.3  per  cent  of  the  spray  remained  on  the  foliage  in  the  lead  arsenate 
and  fish  oil  plot  and  17.5  per  cent  in  the  coated  lead-arsenate  plot. 

EXPERIMENTS  WITH  DIFFERENT  QUANTITIES  OF  POISON  IN  1926 

AND  1927 

The  experiments  conducted  with  adhesives  from  1921  to  1924 
resulted  in  the  adoption  in  1925  of  fish  oil  as  an  adhesive  in  all  of 
the  spraying  operations  conducted  by  the  Bureau  of  Entomology  in 
the  barrier  zone  and  in  the  New  Jersey  extermination  work  against 
the  gipsy  moth,  except  in  areas  where  livestock  was  pastured.  The 
results  were  very  satisfactory  and  indicated  a  possibility  that  equal 
results  might  be  secured  with  a  smaller  quantity  of  poison,  hence 
further  experiments  were  conducted. 

In  1926,  11  woodland  areas,  ranging  in  size  from  nine-tenths  of 
an  acre  to  3%  acres,  were  selected  in  the  towns  of  Sandwich  and 
Barnstable,  Mass.,  in  a  region  heavily  infested  by  the  gipsy  moth. 
The  quantity  of  lead-arsenate  powder  used  ranged  from  3%  pounds 
to  61/4  pounds  per  100  gallons  of  water.  These  plots  were  sprayed 
when  the  gipsy-moth  larvae  averaged  less  than  half  grown.  Cloth 
mats  were  placed  on  the  ground  in  some  of  the  plots  to  obtain  a 
record  of  the  number  of  dead  larvae  from  day  to  day.  Fish  oil  was 
used  with  lead  arsenate  in  all  of  the  plots  with  the  exception  of  one, 
where  lead  arsenate  with  no  adhesive  was  applied. 

The  number  of  dead  larvae  collected  on  the  different  mats  ranged 
from  12  to  126  per  square  foot  of  mat  surface.  This  great  difference 
was  due  to  a  number  of  factors,  such  as  the  date  of  spraying,  the 
intensity  of  the  infestation,  and  the  distance  of  the  mats  from  the 
outside  heavily  infested  areas.  The  infestation  was  very  heavy  in 
all  of  the  plots,  with  one  exception,  and  was  sufficient  to  have 
caused  complete  defoliation  if  it  had  been  left  untreated.  Early 
spraying  when  the  caterpillars  were  small  gave  excellent  results 
when  fish  oil  was  used  with  different  strengths  of  lemd  arsenate. 

The  mat  containing  99  square  feet,  upon  which  an  average  of  126 
dead  gipsy-moth  larvae  were  collected  during  the  season  on  each 
square  foot  of  surface,  or  at  the  rate  of  5,488,560  larvae  per  acre, 
was  placed  about  25  to  30  feet  in  from  the  edge  of  the  sprayed  plot 
and  near  a  side  adjacent  to  a  heavily  infested  unsprayed  area.  This 
plot  was  sprayed  on  June  11,  1926,  with  a  mixture  containing  3% 

*  Areenlc  determinations  made  by  S.  F.  Potts,  Bureau  of  Entomology. 
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pounds  of  lead-arsenate  powder  to  100  gallons  of  water.  The  mat 
was  placed  beneath  one  of  the  trees  on  June  12,  and  was  first  ex- 
amined on  the  14th.  Figure  12  shows  the  rapid  rise  in  the  mortality 
for  the  first  five  days  after  spraying.  On  the  sixth  day  the  mortality 
took  a  sudden  drop  to  less  than  500,  remaining  at  that  point  for 
five  days  and  then  dropping  to  about  100  on  the  23d.  From  this 
date  the  number  of  dead  larvae  removed  from  the  mat  would  have 
continued  to  drop  until  the  end  of  the  season  but  for  the  fact  that 
on  June  23  the  unsprayed  area  adjacent  to  this  plot  was  practically 
100  per  cent  defoliated.  (Fig.  13.)  The  caterpillars  in  this  area, 
because  of  lack  of  food,  immediately  began  to  migrate  and  entered 
the  sprayed  areas  in  large  numbers.    As  a  result  the  number  of  dead 
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'  Figure  12. — Diagram  showing  tlio  rise  and  fall  of  the  number  of  dead  gipsy-moth 
larvae  removed  from  the  mat  during  June  and  July,  1926.  The  rise  after  June 
23  was  due  to  the  migration  of  larvae  from  the  outside  unsprayed  area 

larvae  on  the  mat  rose  to  416  on  the  24th  and  averaged  441  per  day 
for  nine  days,  when  the  number  dropped  gradually  until  the  end 
of  the  season. 

The  average  number  of  dead  gipsy-moth  larvae  removed  per 
square  foot  during  the  season  from  the  other  seven  mats  was  33,  and 
the  number  of  dead  larvae  removed  daily  after  the  first  10  days  de- 
creased rapidly  until  the  end  of  the  season. 

It  is  rather  remarkable  that  a  total  of  126  dead  gipsy-moth  larvae 
were  removed  from  each  square  foot  of  mat  placed  beneath  a  small 
oak  which  at  the  end  of  the  season  was  only  45  to  50  per  cent  de- 
foliated, and  that  the  quantity  of  lead  arsenate  used  was  only  3% 
pounds  to  100  gallons  of  water. 
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Good  control  was  noted  in  practically  all  of  the  areas,  whereas  the 
outside  unsprayed  areas  were  100  per  cent  defoliated. 

In  1927  nine  woodland  plots,  each  containing  an  acre,  were  se- 
lected in  the  towns  of  Freetown  and  Lakeville,  Mass.,  and  sprayed 
with  different  strengths  of  lead  arsenate.  Fish  oil  was  added  at  the 
rate  of  4  ounces  to  each  pound  of  lead  arsenate  used  in  the  mixture. 
Table  3  gives  details  concerning  these  experiments. 

Table  3. — Data  relating  to  experiments  with  lead-arsenate  sprays  in  Freetown 
and  Lakeville  Totvns,  1927 


Date  of  spraying 

Lead  arsenate  used 

Dead  larvae 

Plot  No. 

Per  100 
gallons 
of  water 

Per  acre 

Removed 
during 
season 

per 

square 

foot  of 

mat 

Rate  per 
acre 

1 

Tiinfi  1 

Pounds 

2H2 

2H 
2H 
3H 
3^ 
31^ 
2H 

Pounds 
25 
12H 
15 
20 
15 
20 
30 
25 
20 

22 
18 
12 
21 
34 
38 
34 
30 
26 

958,320 

2 

do 

784, 080 

3 

.  .  do -  ..: 

522,  720 

4 

do 

914,  760 

5 

June  6 .-  ...  .  

1,481,040 

6.    - 

do     -           

1, 655,  280 

7 

June? 

1,  481,  040 

8.. 

June  2       , 

1, 306, 800 

9 

June  3 

1, 132,  560 

Each  mat  contained  144  square  feet  and  was  located  at  or  near  the 
center  of  the  area,  so  the  number  of  dead  larvae  collected  on  it  was  not 
affected  to  any  extent  by  the  migration  into  the  plot  from  the  outside 
unsprayed  area.  In  each  pk)t  five  points  were  selected  for  observa- 
tion and  for  collection  of  foliage ;  one  was  at  the  center  of  the  plot 
and  four  were  75  feet  in  from  each  corner  toward  the  center.  The 
trees  in  plots  1  to  6  averaged  25  to  35  feet  in  height;  in  plots  7,  8, 
and  9  the  trees  averaged  45  to  55  feet  in  height.  The  percentage  of 
defoliation  was  taken  at  each  of  the  five  points  and  was  also  estimated 
from  the  entire  plot  in  general  at  the  time  of  spraying  and  when  the 
gipsy  moth  Avas  pupating.  Definite  check  areas  were  selected  for 
comparison  with  the  sprayed  areas.  The  plots  were  sprayed  from' 
June  1  to  7  and  the  percentage  of  defoliation  ranged  from  8  to  20. 
The  larvae  at  this  time  were  less  than  half  grown.  On  July  21  the 
defoliation  in  these  areas  ranged  from  18  to  25  per  cent,  while  the 
check  areas  were  practically  100  per  cent  defoliated.  The  average 
number  of  dead  gipsy-moth  larvae  removed  from  the  mats  in  the  nine 
plots  was  26  per  square  foot,  or  1,132,560  per  acre. 

Table  4  gives  the  percentage  of  defoliation  at  time  of  spraying  and 
at  time  of  pupation  in  the  treated  and  in  the  check  plots. 
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Table  4. — Percentage  of  defoliation  m  plots  at  time  of  spraying  and  at  time  of 
pupation  of  the  gipsy  math,  in  Freetown  and  Lakeville  Towns,  Mass.,  1927 


Plot  No. 

Defoliation  at 
time  of  spraying 

Defoliation  at 
time  of  pupation 

Plot  No. 

Defoliation  at 
time  of  spraying 

Defoliation  at 
time  of  pupation 

Treated 
area 

Check 
area 

Treated 
area 

Check 
area 

Treated 
area 

Check 
area 

Treated 
area 

Check 
area 

1 

Per  cent 
8 
8 
8 
8 
20 
20 

Per  cent 
8 
8 
8 
8 
22 
22 

Per  ceTtt 
20 
20 
21 
18 
25 
24 

Per  cent 
97 
97 
97 
97 
100 
100 

7 

Per  cent 
12 

8 
8 

Per  cent 
8 
8 

8 

Per  cent 
22 
19 
21 

Per  cent 
100 

2 

8 

100 

3 

9 

100 

4 

5 

Average--. 

11.1 

11.1 

21.1 

98.6 

6 

The  average  percentage  of  defoliation  in  the  treated  plots  in- 
creased from  11  to  21  while  that  in  the  check  plots  increased  from  11 
to  98.  The  area  surrounding  the  plots  was  very  heavily  infested,  con- 
sequently some  of  the  trees  near  the  margins  in  the  treated  plots 
were  more  seriously  defoliated  and  thus  increased  the  average  per- 
centage of  defoliation  of  the  treated  plots.  An  increase  of  10  or  15 
in  the  percentage  of  defoliation  in  any  sprayed  plot  is  the  maximum 
to  be  expected  in  a  definite  area,  when  the  spray  is  applied  early  in 
the  season,  provided  the  spray  is  of  sufficient  strength,  includes  an  ad- 
hesive, and  is  thoroughly  applied.  If  isolated  areas  are  well  sprayed 
early  in  the  season,  the  increase  in  percentage  of  defoliation  should  not 
be  over  5  or  10,  provided  of  course  the  fish  oil  is  added  as  an  ad- 
hesive. If,  hoAvever,  a  lead-arsenate  mixture  is  applied  without  fish 
oil  as  an  adhesive,  a  fairly  heavy  rainfall  shortly  after  application 
will  wash  a  large  part  of  the  poison  from  the  foliage,  resulting  in  a 
much  greater  percentage  of  defoliation. 

It  will  be  noted  from  Table  3  that  the  quantity  of  lead  arsenate 
used  in  the  nine  plots  ranged  from  21^2  pounds  to  4%  pounds  per  100 
gallons.  Very  good  control  was  noted  in  all  of  the  plots,  whereas 
most  of  the  outside  unsprayed  areas,  including  the  check  plots,  were 
entirelj^  defoliated. 

During  1927  a  few  roadside  areas  209  feet  long  by  52  feet  deep 
(in  the  town  of  Freetown)  were  sprayed  with  lead-arsenate  mixture 
to  which  fish  oil  was  added  as  an  adhesive.  The  gipsy-moth  cater- 
pillars at  this  time  were  small,  being  mostly  in  the  second  and  third 
stages.  The  proportion  of  lead  arsenate  used  ranged  from  3%  to 
3%  pounds  per  100  gallons  of  water.  The  infestation  in  the  plots 
ranged  from- medium  to  heavy  and  the  defoliation  at  time  of  spray- 
ing, on  June  3  to  7,  ranged  from  15  to  25  per  cent.  The  sprayer  used 
in  these  experiments  was  of  the  high-power  type,  developing  pump 
pressure  up  to  500  pounds  and  producing  an  open  or  solid-stream 
spray.  In  all  of  the  plots,  with  the  exception  of  one,  a  fV-inch  tip  was 
used  on  the  nozzle,  while  in  the  other  plot  a  ^/4-inch  tip  was  employed. 

In  the  plots  where  the  ^^^j-inch  tip  was  used  a  moderate  quantity  of 
spray  was  noted  on  the  foliage  40  to  50  feet  back  from  the  road, 
whereas  in  the  plot  where  the  i/4-inch  tip  was  used  the  spray  was 
noticeable  on  the  foliage  50  to  60  feet  from  the  road.  The  distance 
back  from  the  road  that  a  spray  may  go  depends  on  the  pump  pres- 
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sure,  size  of  tip,  height  of  trees,  and  the  direction  and  velocity  of 
the  wind. 

Very  good  control  was  maintained  in  all  of  the  sprayed  areas,  with 
an  average  increase  of  10  in  the  percentage  of  defoliation.  This 
average  increase  would  have  been  less  but  for  the  fact  that  some  of 
the  trees  at  the  back  of  the  sprayed  areas  showed  considerable  de- 
foliation, owing  to  migration  from  the  outside  unsprayed  area.  In 
the  areas  back  of  the  sprayed  plots  the  increase  in  the  percentage  of 
defoliation  ranged  from  35  to  80,  the  average  increase  being  59. 

Althou^gh  this  season's  work  indicates  that  a  rate  as  low  as  3 
pounds  to  100  gallons  gave  effective  results  when  the  larvae  were 
small,  it  seems  necessary  to  obtain  more  data  before  recommending 
so  great  a  decrease  for  general  use  throughout  the  spraying  season. 

In  the  extermination  work  carried  on  by  the  Bureau  of  Entomol- 
ogy against  the  gipsy  moth  in  the  barrier  zone  of  western  New  Eng- 
land and  eastern  New  York  and  in  New  Jersey,  lead-arsenate  pow- 
der has  been  used  at  the  rate  of  6%  pounds  to  100  gallons  of  water. 
In  New  England  extensive  spraying  is  done  in  many  towns  infested 
with  the  gipsy  moth  by  State,  city,  or  local  organizations.  'Much 
of  this  work  is  conducted  for  the  purpose  of  preserving  the  shade 
or  roadside  trees  and  for  keeping  down  the  infestation.  The  pro- 
portion of  lead-arsenate  powder  which  has  ordinarily  been  used  in 
roadside  spraying  and  on  private  estates  has  been  6^  pounds,  and 
sometimes  more,  to  100  gallons  of  water. 

The  experiments  which  have  been  conducted  over  a  period  of 
years  have  clearly  shown  that  a  reduction  in  the  quantity  of  lead 
arsenate  used  in  all  of  the  gipsy-moth  spraying  operations  can  be 
safely  made.  Uneven  distribution  of  the  spray  and  irregular  cover- 
ing of  the  foliage  commonly  occurs  when  spraying  is  conducted  on  a 
large  scale.  The  poison  dosage  must  be  sufficient  to  overcome  these 
defects  as  much  as  possible  and  also  to  kill  the  caterpillars  when 
nearly  full  grown.  The  large-scale  tests,  however,  have  demon- 
strated that  5  pounds  of  lead-arsenate  powder  per  100  gallons  is 
sufficient  at  all  times  to  control  the  gipsy  moth,  if  V/^^  pints  of  fish 
oil  is  added  as  an  adhesive.  If  the  spraying  is  done  when  the  gipsy- 
moth  larvae  are  small,  the  proportion  of  lead  arsenate  per  100  gallons 
of  water  can  be  materially  reduced. 

TESTS  ON  GROWING  FOLIAGE 

During  the  season  of  1926  about  14  acres  of  mixed  woodland 
heavily  infested  with  the  gipsy  moth  in  Sandwich  and  Barnstable 
Towns,  Mass.,  'were  sprayed  with  lead-arsenate  mixture,  to  which 
fish  oil  was  added  as  an  adhesive.  Some  of  the  plots  were  sprayed 
during  the  early  part  of  June,  and  as  the  season  was  a  little  back- 
ward, none  of  the  foliage  was  out  in  full,  the  white-oak  leaves  being 
only  one-third  to  one-half  grown. 

While  making  observations  during  the  season  in  these  early 
sprayed  areas,  it  was  noted  that  as  the  foliage  expanded  some  of  the 
spray  had  been  carried  along  with  the  growth  of  the  leaf. 

In  view  of  the  fact  that  near  the  sprayed  areas  there  were  hun- 
dreds of  acres  of  woodland  entirely  defoliated  and  that  most  of  the 
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trees  would  refoliate,  it  was  decided  to  conduct  some  experiments  on 
the  new,  rapidly  growing  foliage. 

On  July  22,  1926,  a  small  area  was  sprayed  with  the  lead-arsenate 
and  fish-oil  mixture,  the  foliage  at  this  time  being  one-fifth  to  one- 
half  grown.  On  August  7  the  foliage  was  practically  full  grown, 
and  in  many  cases  good  spray  distribution  was  noted  over  a  greater 
part  of  the  leaves.  As  examples,  one  leaf  had  expanded  from  an 
area  of  4.2  square  inches  to  6.4  square  inches,  another  from  2.4  to  16 


Figure  14. — A,  Appearance  and  comparative  size  of  leaf  wlien  full  grown, 
16  days  after  it  was  sprayed  (actual  size,  16  square  inches)  ;  B,  compara- 
tive size  of  the  same  leaf  when  it  was  sprayed  (actual  size,  2.4  square 
inches).     One-half  natural  size 

square  inches,  and  still  another  from  4.5  to  16.3.  In  spite  of  this 
great  expansion  in  leaf  area,  the  poison  was  fairly  well  distributed 
over  a  greater  part  of  the  leaf.     (Fig.  14.) 

During  the  .season  of  1927  it  was  decided  to  spray  a  heavily 
infested  woodland  (in  Lakeville  Town,  Mass.)  with  a  lead-arsenate 
and  fish -oil  mixture  very  early  in  the  season  to  note  the  control 
which  could  be  obtained  by  this  procedure.  The  foliage  at  the  time 
of  spraying  on  May  27  was  one-sixth  to  one-fourth  grown,  the  gipsy- 
moth  larvae  were  smajl  and  very  abundant,  and  the  defoliation  at 
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the  time  was  about  5  per  cent.  After  the  area  was  sprayed,  a  num- 
ber of  the  leaves  were  tagged,  while  a  number  were  removed  and  the 
average  area  and  quantity  of  poison  on  each  determined. 

Very  good  control  was  manifest  in  this  area  during  the  season,  it 
being  20  per  cent  defoliated,  whereas  the  check  areas  were  55  per  cent 
defoliated,  and  a  wooded  area  adjoining  and  to  the  west  of  the 
sprayed  plot  was  90  to  100  per  cent  defoliated. 

On  August  3,  after  a  rainfall  of  over  9  inches  since  the  spray  had 
been  applied,  foliage  samples  were  taken  throughout  the  area  and 
the  quantity  of  poison  on  each  was  determined.  Although  the 
foliage  had  expanded  on  an  average  to  over  four  times  its  area,  34.1 
per  cent  of  the  original  spray  still  remained  on  it.  These  experi- 
ments indicate  that  fish  oil  added  to  lead-arsenate  mixture  causes  it 
to  adhere  strongly  to  growing  foliage. 

In  the  spraying  operations  against  the  gipsy  moth  it  has  been  the 
common  practice  to  wait  until  most  of  the  trees  were  in  full  leaf 
before  applying  the  poison.  These  experiments  show  conclusively 
that  spray  mixtures  containing  fish  oil  as  an  adhesive  can  be  applied 
much  earlier,  even  when  the  foliage  is  only  half  grown,  and  satisfac- 
tory results  secured. 

THE  USE  OF  FISH  OIL  IN 'SPRAYS 

QUANTITY  OF  FISH  OIL  NECESSARY 

The  quantity  of  fish  oil  necessary  in  lead-arsenate  sprays  is 
governed  entirely  by  the  weight  of  the  poison  used.  For  every 
pound  of  lead  arsenate  in  the  mixture,  4  ounces  of  fish  oil  should  be 
added;  that  is,  if  2  pounds  of  the  poison  is  used  to  50  gallons  of 
water  or  to  100  gallons  of  water,  it  would  require  8  ounces  or  ap- 
proximately one-half  pint  of  fish  oil  in  either  icase.  The  quantitv 
of  water  in  the  spray  tank  has  no  bearing  on  the  quantity  of  fisn 
oil  to  use.  The  lead  arsenate  takes  up  a  definite  quantity  of  fish  oil 
and  no  more ;  therefore,  if  the  proper  quantity  is  added,  practically 
no  oil  will  rise  to  the  surface  of  the  mixture  when  agitation  in  the 
spray  tank  ceases.  However,  if  more  than  the  necessary  quantity  of 
fish  oil  is  added,  the  free  oil  rises  to  the  surface  of  the  mixture  when 
the  agitation  is  halted.  This  surplus  oil  sticks  to  the  tank,  the 
strainer,  and  the  pump,  accumulating  rapidly,  especially  on  the 
strainer,  which  must  consequently  be  cleaned  often.  It  is  therefore 
good  policy  to  use  just  the  right  proportion  of  fish  oil,  as  a  surplus 
does  not  appreciably  increase  the  adhesiveness  of  the  mixture. 

METHOD  OF  MIXING  FISH  OIL  WITH  SPRAY  MATERIALS 

In  using  fish  oil  as  an  adhesive,  the  best  results  are  obtained  by 
pouring  the  oil  into  the  spray  tank  after  the  lead  arsenate  has  been 
well  mixed  with  the  water  and  while  the  mixture  is  being  agitated. 
The  mixture  should  be  agitated  at  all  times  while  it  is  being  ap- 
plied, not  only  to  obtain  an  even  coating  of  poison  but  to  get  maxi- 
mum adhesiveness.  In  large  spraying  outfits  the  agitator  is  usually 
very  satisfactory,  but  in  some  of  the  smaller  ones,  such  as  the  barrel 
pump,  the  agitator  is  less  efficient,  hence  the  results  are  not  so  satis- 
factory, either  in  even  distribution  of  the  poison  or  in  the  adhesive 
qualities  of  the  mixture. 
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A  new  method  of  using  fish  oil  as  an  adhesive  has  been  tried  by- 
Porter  and  Sazama  [13)^  which  consists  of  mixing  the  lead  arsenate 
and  water  into  a  thin  paste,  adding  the  fish  oil,  and  pumping  the 
whole  two  or  three  times,  the  lead  arsenate  emulsifying  the  fish  oil. 

SPECIFICATIONS  FOR  FISH  OIL 

Large  quantities  of  fish  oil  are  used  in  gipsy-moth  spraying  opera- 
tions. The  fish  oil  is  sometimes  adulterated  with  mineral  oil,  the 
presence  of  which  would  be  shown  by  the  lowering  of  all  the  charac- 
teristics given  in  the  specifications. 

The  best  grade  of  fish  oil  should  always  be  used.  This  is  known  as 
light  pressed  fish  oil  and  is  yellow  to  brown  in  color.  A  cheaper 
grade  known  as  crude  fish  oil  can  be  obtained,  but  as  this  contains 
stearin  it  is  likely  to  clot,  and  there  would  be  no  economy  in  using 
it.    The  specifications  for  light  pressed  fish  oil  are  as  follows : 

Saponification  value 190  to  193. 

Iodine  value 139  to  193. 

Specific  gravity  at  15°  C 0.927  to  0.933. 

Free  fatty  acid Less  than  5  per  cent. 

COST  OF  FISH  OIL 

• 

In  view  of  the  fact  that  fish  oil  is  only  slightly  less  efficient  than 
linseed  oil  and  is  much  less  expensive,  it  is  obvious  that  the  former 
is  the  one  to  be  recommended.  The  price  of  raw  linseed  oil  and 
fish  oil  is  variable  from  year  to  year.  From  1925  to  1928  the  whole- 
sale price  of  fish  oil  ranged  from  $0.56  to  $0.75  per  gallon  and  the 
price  of  raw  linseed  oil  ranged  from  $0.85  to  $1.23  per  gallon.  It 
can  be  readily  seen  that  a  great  saving  in  the  cost  of  spraying  can  be 
effected  by  the  use  of  fish  oil,  especially  when  used  in  large  quan- 
tities. 

Fish  oil  can  usually  be  obtained  in  all  the  larger  cities,  and  linseed 
oil  can  be  obtained  in  all  cities  and  in  towns  of  any  size.  In  small 
operations,  where  only  a  few  barrels  of  the  spray  are  to  be  applied, 
raw  linseed  oil  can  be  substituted  for  an  equal  quantity  of  fish  oil. 

USE  OF  FISH  OIL  WITH  BORDEAUX  MIXTURE 

In  spraying  to  control  the  gipsy  moth,  it  is  sometimes  necessary 
to  treat  apple  orchards,  and  the  question  has  been  asked  whether 
Bordeaux  mixture  could  be  added  to  the  lead-arsenate  mixture.  In 
order  to  obtain  definite  information,  a  few  experiments  were  con- 
ducted, and  the  results  indicate  that  fish  oil  is  a  very  efficient  adhe- 
sive in  a  Bordeaux  and  lead-arsenate  mixture.  In  using  fish  oil  with 
this  combination,  assuming  that  the  rule  is  used  of  adding  4  ounces 
of  fish  oil  for  every  pound  of  lead  arsenate  or  insoluble  matter  in  the 
mixture,  4  pounds  of  lead  arsenate  and  64  ounces  or  2  quarts  of  fish 
oil  would  be  required  in  a  6-6-100  Bordeaux  mixture.  If  the  quan- 
tity of  Bordeaux  or  lead  arsenate  in  the  mixture  is  increased  or  re- 
duced, the  fish  oil  should  be  increased  or  reduced  accordingly,  the 
quantity  being  based  on  the  weight  of  the  solid  matter. 

On  bearing  apple  trees,  if  the  spraying  for  the  gipsy  moth  is  done 
at  the  time  of  the  calyx  application  or  immediately  after  this  period 
when  the  fruit  is  very  small,  no  danger  of  any  arsenical  residue  on 
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the  fruit  when  harvested  would  be  encountered.  It  has  not  been  suf- 
ficiently demonstrated,  however,  that  it  is  safe  to  use  fish-oil  sprays 
after  the  periods  mentioned  above. 

SPRAYING  NEAR  BUILDINGS 

In  the  control  of  the  gipsy  moth  or  other  insects  it  is  some- 
times necessary  to  spray  shade  or  fruit  trees  in  proximity  to  dwell- 
ing houses  or  other  buildings.  When  this  is  done,  even  with  the 
utmost  care,  some  of  the  material  may  drift  upon  buildings,  and 
if  allowed  to  dry  would  render  them  unsightly.  Spray  mixtures 
containing  fish  oil  as  an  adhesive  can  be  readily  washed  from  build- 
ings if  the  latter  are  drenched  with  water  before  the  spraying  is 
begun  and  again  sprayed  with  a  garden  hose  after  the  spraying 
with  the  insecticide  is  finished.  The  final  water  treatment  should 
be  applied  promptly,  while  the  spray  material  is  still  moist,  as  the 
oil  dries  rapidly  after  the  evaporation  of  the  water  in  the  spray 
material. 

CONCLUSION 

As  a  result  of  experiments  conducted  over  a  period  of  years,  it 
has  been  decided  that  for  gipsy-moth  extermination  and  general 
control  work  the  quantity  of  lead-arsenate  powder  can  safely  be 
reduced  from  6I/4  pounds  to  5  pounds  per  100  gallons  of  water,  if 
fish  oil  is  used  as  an  adhesive.  If  the  spraying  is  done  when  the 
larvae  are  less  than  half  grown,  the  proportion  of  lead  arsenate  in 
the  mixture  can  be  further  reduced,  provided  fish  oil  is  added  as 
an  adhesive. 

By  the  use  of  fish  oil  as  an  adhesive  in  lead-arsenate  mixtures, 
the  spraying  season  can  be  somewhat  lengthened,  as  the  spraying 
operations  can  be  started  AA^hen  the  foliage  is  small  and  good  results 
obtained. 

A  few  experiments  have  indicated  that  fish  oil  is  likewise  a  good 
adhesive  to  use  with  Bordeaux  mixture  or  a  combined  lead  arsenate 
and  Bordeaux  mixture. 

Fish  oil  should  be  added  to  the  spray  mixtures  at  the  rate  of  4 
ounces  by  weight  to  each  pound  of  lead-arsenate  powder  or  insoluble 
matter  used.     One  quart  of  fish  oil  weighs  approximately  31  ounces. 

Warning, — Mixtures  containing  fish  oil  not  only  adhere  strongly 
to  the  foliage  on  the  trees  but  also  to  the  undergrowth  and  vegeta- 
tion beneath.  Under  no  circumstances  should  livestock  be  allowed 
to  graze  during  the  season  beneath  trees  that  have  been  sprayed 
with  such  mixtures,  as  poisoning  may  result.  Even  in  late  Sep- 
tember the  spray  is  so  abundant  on  the  vegetation  beneath  the  trees 
that  livestock  may  be  poisoned  by  feeding  upon  it. 
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INTRODUCTION 

During  the  last  eight  years  the  United  States  Department  of  Agri- 
culture in  cooperation  with  a  number  of  the  State  agricultural  experi- 
ment stations  has  been  making  a  comprehensive  study  of  the  soft-pork 
problem.  Numerous  feeds  and  other  factors  suspected  of  causing 
pork  to  be  soft  or  oily  have  been  studied  in  much  detail  and  under 
varying  conditions.  One  of  the  first  feeds  to  receive  consideration  in 
these  investigations  was  peanuts.  These  were  made  the  subject  of 
early  investigation  because  of  the  widely  prevaihng  beHef  at  that  time 
that  they  were  the  outstanding  softening  feed  in  the  United  States. 

Studies  were  planned  and  carried  out  (1)  to  determine  the  effects 
of  peanuts  grazed  and  self-fed,  with  and  without  mineral  mixtures, 
upon  the  firmness  of  the  carcass;  and  (2)  to  learn  the  requirements  for 
hardening  peanut-fed  pigs.  From  the  many  experiments  was  obtained 
a  volume  of  feeding  results,  in  addition  to  the  data  from  carcass  and 
fat  studies,  which  supplied  much  additional  information  as  to  the 
value  of  peanuts  for  fattening  under  the  different  conditions.^ 

Peanuts  bore  the  reputation  of  being  a  highly  satisfactory  hog  feed, 
particularly  for  fattening  purposes.  Many  experiment  stations  rec- 
ommended the  plans  of  feeding  mentioned  in  the  preceding  paragraph, 
and  it  was  customary  on  farms  in  the  peanut-producing  sections  of 
the  country  to  follow  these  methods.  Results  reported  in  Department 
Bulletins  1407  ^  and  1492  ^  showed  that  peanuts  fed  to  pigs  with 
initial  weights  of  approximately  100  pounds  and  115  pounds,  respec- 
tively, while  producing  a  moderately  rapid  rate  of  gain,  were  reason- 

1  Hankins,  O.  O.,  and  Ellis,  N.  R.    some  results  of  soft-pork  investigations.    U.  S.  Dept.  Agr. 
Bui.  1407,  68  p.,  illus.     1926. 

2  Hankins,  O.  G.,  and  Ellis,  N.  R.    Op.  eit.,  p.  27,  28. 

«  Hankins,  O.  G.,  Ellis,  N.  R.,  and  Zeller,  J.  H.    some  results  of  soft-fork  investigations,  n. 
U.  S.  Dept.  Agr.  Bui.  1492,  p.  16.     1928. 
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ably  efficient  with  respect  to  the  quantity  required  per  unit  of  gain. 
Approximately  490  pigs  were  involved  in  the  experiments  to  which 
reference  is  made. 

Table  1  shows  the  average  composition  of  shelled  and  unshelled 
peanuts. 

Table  1. — Average  composition  of  shelled  and  unshelled  peanuts  ^ 


Kind  of  peanuts 

Water 

Ash 

Protein 

Fiber 

Nitro- 
gen-free 
extract 

Fat 

Shelled  (as  consumed  by  hogs) 

Per  cent 
5.5 
6.0 

Per  cent 
2.3 

2.8 

Per  cent 
30.2 
24.7 

Per  cent 
2.8 
18.0 

Per  cent  Per  cent 
11.6          47  6 

Unshelled. 

16. 4          3.-^.  1 

1  Figures  from  the  cattle  food  laboratory  Bureau  of  Chemistry,  United  States  Department  of  Agriculture. 

It  is  with  shelled  peanuts  that  this  bulletin  deals  especially  since 
hogs  do  not  eat  the  shells  even  when  unshelled  peanuts  are  fed. 


FiGUKK  i. — Growing  pigs  self-led  vvUh  unslu-Uud  peaimLs  and  supjjlements.     Tlie  maleriai  on  the 
platform  and  ground  near  by  is  principally  empty  shells 

(Fig.  1.)     The  high  percentages  of  fat  and  protein  are  especially  note- 
worthy.    The  digestible  nutrients  of  shelled  peanuts  are  as  follows.* 

Per  cent 

Digestible  protein 27.  4 

Digestible  carbohydrates 10.  0 

Digestible  fat 42.  9 

From  these  figures  it  is  calculated  that  the  nutritive  ratio  of  shelled 
peanuts  is  1 : 3.9.  This  suggests  the  possibility  that  peanuts  without 
a  protein  supplement  may  also  be  suitable  as  a  feed  for  growing  pigs. 
It  is  a  rather  common  practice,  in  fact,  in  sections  where  peanuts 
grow  well,  to  feed  them  to  growing  pigs  as  well  as  to  fattening  hogs, 
without  a  protein  supplement. 

4  Henry,  W.  A.,  and  Morrison,  F.   B.     feeds  and  feeding.     Ed.  18,  unabridged,  770  p.,  illus. 
Madison,  Wis.     1923. 
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PURPOSE    OF   THE   INVESTIGATION 

The  primary  object  was  to  study  the  hardenmg  requirements  of 
pigs  having  an  initial  weight  of  between  30  and  60  pounds  when  fed 
com,  tankage,  and  minerals  as  a  hardening  ration  following  the  peanut 
ration.  The  feeding  results  from  the  peanut  rations  at  first  were  a 
secondary  consideration,  but  the  importance  of  a  comparative  study 
of  the  feeding  value  of  peanuts  and  minerals  with  and  without  an 
animal-protein  supplement  soon  became  apparent. 

Very  few  pigs  in  the  peanut-growing  sections  of  the  country  are  fed 
protein  supplemental  feeds  with  peanuts.  The  question  arose  as  to 
whether  the  hog  producer  in  the  peanut-growing  section  was  actually 
getting  the  best  residts  from  his  method  of  feeding  peanuts,  or  whether 
the  addition  of  a  protein  supplement  to  the  peanut  ration  for  growing 
pigs  would  enable  the  feeder  to  make  a  more  efficient  use  of  peanuts. 
In  order  to  determine  this  the  series  of  three  experiments  reported  in 
this  bulletin  was  conducted. 

RESULTS    OF    THE    FIRST  .EXPERIMENT,  1924-25 

In  November,  1924,  an  experiment  was  begun  at  the  United  States 
Animal  Husbandry  Experiment  Farm,  Beltsville,  Md.,  in  which  low- 
grade  shelled  peanuts,  mineral  mixture,  and,  later,  tankage,  were  fed 
to  purebred  fall  pigs  having  an  average  initial  weight  of  39.3  pounds. 
Table  2  shows  the  composition  of  the  peanuts  and  tankage  which  were 
fed  in  this  experiment. 


Table  2. — Composition  of  feeds  used  in  first  experiment 

I 

Feed 

Water 

Ash 

Protein 

Fiber 

Nitro- 
gen- 
free  ex- 
tract 

Fat 

Peanuts,  low  grade,  shelled 

Per  cent 
4.90 
9.08 

Per  cent 
5.73 
21.77 

Per  cent 
26.25 
61.56 

Per  cent 
2.49 
1.26 

Per  cent 

24.33 

1.22 

Per  cent 
36.30 

Tankage. -- 

5.11 

Analyses  by  the  cattle  food  laboratory,  Bureau  of  Chemistry,  United  States  Department  of  Agriculture. 


The  mineral  mixture  was  composed  of  the  following: 


Charcoal 

Common  salt 

Ground  limestone. 
Flowers  of  sulphur. 


Pounds 

75 

6 

6 

3 


Glauber  salt 

Copperas 

Raw  phosphate  rock. 


Pounds 
6 
1 
3 


At  the  beginning  of  this  experiment  the  peanuts  and  the  mineral 
mixture  were  self-fed,  free  choice,  to  all  the  pigs.  This  feeding  con- 
tinued for  eight  weeks.  The  results  for  this  period  are  summarized 
in  the  following  tabulation :  ^ 

Number  of  pigs  used 25 

Number  of  days  fed 56 

Average  initial  weight pounds.  _  39.  3 

Average  final  weight do 58.  8 

Average  gain do 19.  5 

Average  daily  gain do .35 

Average  quantity  of  peanuts  consumed  daily  per  pig do 1.51 

Average  quantity  of  peanuts  consumed  per  100  pounds  gain do 436.  2 


5  Exact  figures  on  consumption  of  minerals  not  available. 
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The  charcoal  available  for  use  in  the  mineral  mixture  in  the  self- 
feeder  had  been  finely  pulverized,  and  strong  winds  caused  unavoid- 
able wastage.  The  further  fact  that  charcoal  comprised  the  bulk 
of  the  mixture  necessarily  makes  the  consumption  figures  for  it 
unreliable.  For  that  reason  they  are  not  given  for  this  experiment 
nor  in  the  results  of  the  two  following  experiments. 

The  very  low  average  daily  gain  is  especially  striking.  Likewise 
the  poor  feed  utihzation,  as  shown  by  the  amount  of  peanuts  con- 
sumed per  100  pounds  gain,  commands  attention. 

The  poor  showing  made  by  these  pigs  was  impressive.  Considering 
this  and  the  further  fact  that  it  is  not  theoretically  sound  for  a  feed 
to  be  satisfactory  for  both  fattening  and  growth  it  was  decided  to 
modify  the  feeding  of  some  of  the  pigs.  The  25  pigs  were  divided, 
as  equally  as  possible,  with  respect  to  weight,  gain,  age,  thrift,  and 
other  factors,  into  two  lots  of  12  and  13  animals.  One  lot  was  self- 
fed  tankage  in  addition  to  the  peanuts  and  mineral  mixture  while 
the  other  group  was  continued  on  the  peanuts-mineral-mixture  ration 
without  change.  These  two  lots  were  fed  for  a  4-week  period.  Table 
3  gives  a  summary  of  the  results'. 

Table  3. — Results  of  feeding  peanuts  and  mineral  mixture,  self-fed,  free  choice, 
with  and  without  tankage,  in  dry  lot 


Item 


Ration 


Peanuts, 
mineral 
mixture, 

and 

tankage 

(lot  1) 


Peanuts 

and 
mineral 
mixture 
Got  2) 


Pigs  used number 

Days  fed do-. 

Average  initial  weight pounds 

Average  final  weight do.. 

Average  gain do.. 

Average  daily  gain do.. 

Average  daily  feed  consumption: 

Shelled  peanuts do.. 

Tankage .do.. 

Total  feed  (exclusive  of  minerals) .do.. 

Feed  consumed  per  100  pounds  gain: 

Shelled  peanuts... do.. 

Tankage do.. 

Total  feed  (exclusive  of  minerals) do.. 


13 
28 
58.2 
87.2 
29 
1.0c 


2.02 
.43 


196 
41.2 


59.2 

76. 

16.8 


The  rate  of  gain  in  both  lots  was  higher  than  that  made  by  the  25 
pigs  during  the  first  8-week  period.  The  tankage-fed  lot,  however, 
gained  at  a  much  more  rapid  rate  during  the  4-week  period  than  the 
other  lot  and  approximately  trebled  the  daily  gain  made  during  the 
8-week  period.  On  the  other  hand  the  12  pigs  in  the  poanuts-min- 
eral-mixture  lot  gained  approximately  70  per  cent  faster  than  during 
the  preceding  8-week  period.  This  70  per  cent  increase  can  be  attrib- 
uted, in  part,  to  the  larger  size  of  the  pigs  when  the  4-week  period 
began  and  to  the  improved  ability  to  utilize  a  fattening  ration.     The 
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marked  advantage  of  feeding  tankage  with  peanuts  and  mineral 
mixture  to  pigs  of  this  size,  however,  is  the  very  striking  point  brought 
out  by  these  rates  of  gain. 

Although  there  was  little  difference  in  the  average  daily  consump- 
tion of  feed  in  the  two  lots  the  feed  utilization  calls  for  attention. 
When  tankage  was  fed  there  was  a  striking  decrease  in  the  amount  of 
peanuts  consumed  per  pound  of  gain  in  weight.  In  fact  the  feed 
requirement  was  remarkably  low.  Approximately  80  per  cent  more 
feed,  not  including  minerals,  was  consumed  per  100  pounds  gain  by 
the  lot  which  received  no  tankage  than  by  the  other  lot. 

By  calculation  the  consumption  of  nutrients  per  100  pounds  gain 
was  determined.     Table  4  shows  the  results  of  tlus  calculation. 


Table  4. — Calculated  amounts  of   nutrients  consumed  per  100  -pounds    gain  in 

first  experiment 


Nutrients 

Lot  1 

Lot  2: 

Peanuts 

Tankage 

Total 

Peanuts 

Protein 

Pounds 
51.45 
52.57 
71.15 

Pounds 

25.36 

1.02 

2.11 

Pounds 
76.81 
53.59 
73.26 

Pounds 
112.22 

Carbohydrates 

114.66 

Fat 

155  18 

A  comparison  of  the  total  amount  of  each  nutrient  consumed  per 
unit  of  gain  by  lot  1  and  lot  2  is  very  interesting.  In  all  three  cases 
the  amount  in  lot  1  is  much  less  than  in  lot  2.  Approximately  one- 
third  of  the  protein  and  small  proportions  of  the  other  nutrients 
consumed  by  lot  1  were  furnished  by  the  tankage.  It  required  60.77 
pounds  of  peanut  protein  consumed  by  lot  2  to  replace  25.36  pounds 
of  tankage  protein  consumed  in  the  case  of  lot  1 .  In  fact  the  protein, 
carbohydrates,  and  fat  as  shown  for  the  tankage  replaced  60.77, 
62.09,  and  84.03  pounds  of  peanut  protein,  carbohydrates,  and  fat, 
respectively,  consumed  by  lot  2. 

RESULTS    OF   THE   SECOND   EXPERIMENT,  1925-26 

A  second  experiment  in  this  series  was  conducted  at  the  same 
farm  from  December  23,  1925,  to  February  17,  1926.  Two  lots  of 
20  purebred  pigs  each  were  fed.  One  lot  was  self-fed  unshelled 
peanuts,  tankage,  and  mineral  mixture;  the  other  lot  received  un- 
shelled peanuts  and  mineral  mixture.  (Fig.  1.)  The  pigs  were  of  fall 
1925  farrow  and  ranged  from  approximately  30  to  60  pounds  in  weight 
when  the  test  began. 

Two  different  purchases  of  peanuts  were  used  in  this  experiment. 
Table  5  shows  the  weighted  average  composition  of  the  nuts  (shelled 
basis)  as  consumed  by  the  pigs  in  each  lot.  An  analysis  of  the  tank- 
age which  was  fed  is  not  available.  The  average  composition  of 
tankage,  as  reported  by  Henry  and  Morrison  in  Feeds  and  Feeding, 
also  is  shown  in  Table  5.  This  is  given  as  representing  satisfactorily 
the  composition  of  the  tankage  fed. 
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Table  5. — Composition  of  feeds  used  in  second  experiment 


Feed 


Water 


Ash 


Pro- 
tein 


Fiber 


Nitro- 


free 
extract 


Fat 


Peanuts  (shelled  basis)  fed  in  lot  1 1. 
Peanuts  (shelled  basis)  fed  in  lot  2 1 
Tankage  2 


Per  cent 
4.03 
4.05 
7.9 


Per  cent 
2.46 
2.45 
16.3 


Per  cent 

28.15 
28.10 
60.4 


Per  cent 
4.97 
4.92 
5.3 


Per  cent 
14.49 
14.65 
3.7 


Per  cent 
45.90 
45.83 

7.4 


'Analyses  by  the  cattle  food  laboratory,  Bureau  of  Chemistry,  U.  S.  Department  of  Agriculture. 
2  Henry,  W.  A.,  and  Morrison,  F.  B.    Op.  cit. 


The  same  mixture  of  minerals  was  used  as  in  the  first  test. 
The  40  pigs  were  on  feed  in  the  two  lots  for  eight  weeks, 
results  are  summarized  in  Table  6. 


The 


Table  6. 


-Results  of  feeding  unshelled  peanuts  and  mineral  mixture,  self-fed,  free 
choice,  with  and  without  tankage,  in  dry  lot 


Item 


Ration 


Peanuts, 
mineral 
mi.xture, 

and 

tankage 

(lot  1) 


Peanuts 

and 

mineral 

mixture 

(lot  2) 


Pigs  used number 

Days  fed do.. 

Average  initial  weight pounds 

Average  final  weight do.. 

Average  gain do.. 

Average  daily  gain do.. 

Average  daily  feed  consumption: 

Unshelled  peanuts do.. 

Peanuts  (shelled  basis) do.. 

Tankage do.. 

Total  feed  (exclusive  of  minerals) do.. 

Total  feed  (exclusive  of  minerals  with  peanuts  on  shelled  basis) do.. 

Feed  consumed  per  100  pounds  gain: 

Unshelled  peanuts -- do._ 

Peanuts  (shelled  basis) -- ..do.. 

Tankage ..do_. 

Total  feed  (exclusive  of  minerals) do.. 

Total  feed  (exclusive  of  minerals  with  peanuts  on  shelled  basis) do.. 


20 
56 

43.4 
83.3 
39.9 
.71 


20 
56 

43.7 

60.9 

17.2 

.31 


2.12 

(1.  54) 

.33 


1.96 
(1.42) 


2.45 
(1.87) 


1.96 
(1.  42) 


298. 12 

(216.  44) 

45.99 


638.  48 
(462.  26) 


344. 11 
(262.  43) 


638.  48 
(462.  26) 


As  in  the  first  experiment  the  tankage-fed  lot  made  much  more 
rapid  gains.  In  this  case,  in  fact,  the  rate  of  gain  of  lot  1  was  approxi- 
mately 2.3  times  that  of  lot  2.  A  daily  gain  of  0.71  of  a  pound  is 
practically  normal  for  pigs  of  the  size  of  these,  whereas  0.31  of  a  pound, 
of  course,  is  unsatisfactory. 

It  is  of  interest  and  probable  significance  that  the  pigs  in  lot  1  not 
only  consumed  an  average  of  one-third  of  a  pound  of  tankage  per  day 
but  also  somewhat  more  peanuts  than  lot  2.  The  feed  utilization  in 
the  two  lots  was  similar  to  that  in  the  first  experiment.  Again,  when 
tankage  was  fed  there  was  a  marked  decrease  in  the  quantity  of 
peanuts  consumed  per  unit  of  gain. 

Although  the  amount  of  feed  eaten  per  100  pounds  gain  in  weight 
in  neither  lot  was  as  low  as  in  the  corresponding  lot  of  the  preceding 
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test,  yet  the  showing  made  by  lot  1  was  very  good  and  can  not  be 
considered  lightly.  On  a  shelled-nut  basis  approximately  76  per  cent 
more  total  feed,  exclusive  of  minerals,  was  consumed  by  lot  2  than 
by  lot  1,  per  unit  of  gain.  This  compares  with  80  per  cent  in  the 
first  test. 

The  consumption  of  nutrients  per  100  pounds  gain  was  determined 
by  calculation,  as  shown  in  Table  7. 


Table  7. — Calculated  amounts   of  nutrients   consumed   per   100 
weight,  in  second  experiment 

pounds 

gain  in 

Nutrients 

Lot  1 

Lot  2: 

Peanuts 

Tankage 

Total 

Peanuts 

Protein                      

Pounds 
60.93 
42.12 
99.35 

Pounds 
27.78 
4.14 
3.40 

Pounds 
88.71 
46.26 
102.  75 

Pounds 
129.90 

Carbohydrates 

90.46 

Fat -. 

211.85 

In  the  case  of  each  nutrient  the  total  amount  consumed  per  unit 
of  gain  by  lot  1  was  much  less  than  by  lot  2.  This  .corresponds  to 
the  results  of  the  first  experiment.  Again,  approximately  one-third 
of  the  protein  and  small  proportions  of  the  other  nutrients  consumed 
by  lot  1  were  furnished  by  the  tankage.  As  compared  with  the  ration 
of  lot  2,  the  27.78  pounds  of  tankage  protein  consumed  per  100 
pounds  gain  by  lot  1  had  replacement  value  equal  to  68.97  pounds 
of  peanut  protein.  Further  calculation  shows  that  the  small  amounts 
of  carbohydrates  and  fat  of  the  tankage,  with  the  protein  mentioned, 
had  a  value  equal  to  the  total  value  of  48.34  pounds,  112.50  pounds, 
and  68.97  pounds  of  the  peanut  carbohydrates,  fat,  and  protein, 
respectively,  consumed  per  100  pounds  gain  by  lot  2. 

RESULTS    OF   THE   THIRD    EXPERIMENT,  1926-27 

The  third  and  last  experiment  in  this  series  was  conducted  at  the 
Beltsville  farm  from  December  14,  1926,  to  February  9,  1927.  Two 
lots  of  20  piu"ebred  pigs  each  were  used  in  the  experiment.  One  pig 
in  lot  2  died  of  pneumonia  seven  days  after  the  experiment  began. 
Lot  1 ,  of  20  pigs,  was  self-fed  unshelled  peanuts,  tankage,  and  mineral 
mixture;  lot  2,  of  19  pigs,  had  free  access  to  unshelled  peanuts  and 
mineral  mixture.  Pigs  of  1926  fall  farrow  were  used,  and  they  ranged 
in  weight  from  33  to  56  pounds,  with  an  average  weight  of  45  pounds 
at  the  beginning  of  the  experiment. 

Table  8  shows  the  composition  of  the  feeds  used  in  the  third 
experiment. 

Table  8. — Composition  of  feeds  used  in  third  experiment  * 


Feed 

Water 

Ash 

Protein 

Fiber 

Nitro- 
gen- 
free 

extract 

Fat 

Peanuts  (shelled  basis) 

Per  cent 
6.83 
8.30 

Percent 
2.44 
20.88 

Percent 
29.38 
60.00 

• 

Percent 
2.29 
1.90 

Percent 
14.76 

Percent 
44.30 

Tankage... .  .  -.  ...  ... 

2. 11          6. 81 

1  Analyses  by  the  cattle  food  laboratory,  Bureau  of  Chemistry,  United  States  Department  of  Agriculture. 
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The  mineral  mixture  used  in  this  experiment  wa^  composed  of  the 
following: 

Pounds 

Steamed  bone  meal 50 

Ground  limestone 25 

16  per  cent  superphosphate 25 

Common  salt 5 

The  feeding  results  for  the  8-week  period  of  this  test  are  summa- 
rized in  Table  9. 

Table  9. — Results  of  feeding  unshelled  peanuts  and  mineral  mixture,  self-fed,  free 
choice,  with  and  without  tankage,  in  dry  lot 


Item 


Ration 


Peanuts, 
mineral 
mixture, 

and 

tankage 

(lot  1) 


Peanuts 

and 

mineral 

mixture 

(lot  2) 


Pigs  used number.- 

Days  fed ^ do 

Average  initial  weight pounds.. 

Average  final  weight do 

Average  gain •_ do 

Average  daily  gain ....do 

Average  daily  feed  consimiption: 

Unshelled  peanuts do 

Peanuts  (shelled  basis) do 

Tankage do 

Total  feed  (exclusive  of  minerals) do 

Total  feed  (exclusive  of  minerals)  with  peanuts  on  shelled  basis do 

Feed  consumed  per  100  pounds  gain: 

Unshelled  peanuts do 

Peanuts  (shelled  basis) do 

Tankage do 

Total  feed  (exclusive  of  minerals) do 

Total  feed  (exclusive  of  minerals)  with  peanuts  on  shelled  basis do 


20 

56 
45.5 
102.8 
57.3 
1.02 


2.66 

(1.  87) 

.41 


3.07 

(2.28) 


(182.  50) 
39.88 


299.48 
(222.  38) 


56 
45.3 
69.5 
24.2 
.43 


2.31 
(1.  62) 


2.31 
(1.  62) 


533.48 
(375. 04) 


533.  48 
(375.  04) 


As  in  the  two  preceding  experiments  the  tankage-fed  lot  gained 
more  rapidly  than  the  other  lot.  The  rate  of  gain  in  lot  1  was  approx- 
imately 2.4  times  that  in  lot  2,  while  in  the  preceding  tests  the  corre- 
sponding figures  were  1.7  and  2.3.  The  average  daily  gain  of  1.02 
pounds  in  lot  1  is  a  very  good  gain  for  pigs  of  the  age  and  weight  of 
those  used.  On  the  other  hand,  the  average  gain  of  0.43  of  a  pound 
made  daily  in  lot  2  is  considerably  below  normal. 

The  lot  1  pigs  consumed  more  peanuts  daily  as  an  average  than  those 
in  lot  2,  regardless  of  the  fact  that  the  former  also  ate  nearly  one-half 
pound  of  tankage  each.  This  same  general  result  was  also  obtained 
in  the  second  experiment,  and  it  indicates  that  the  tankage  stimulated 
the  appetites  of  the  pigs. 
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From  the  standpoint  of  feed  utilization,  the  three  experiments  are 
similar.  The  tankage-fed  lots  consumed  a  much  smaller  quantity  of 
peanuts  and  even  less  total  feed  per  unit  of  gain  than  the  lots  which 
were  fed  no  tankage.  Calculated  to  the  shelled-nut  basis,  182.5 
pounds  of  peanuts,  fed  with  tankage,  were  required  to  produce  100 
pounds  of  gain  in  the  third  test.  This  may  be  compared  with  196 
pounds  and  216.44  pounds  of  shelled  peanuts  in  the  first  and  second 
experiments,  respectively.  The  amount  of  375.04  pounds  of  peanuts 
(shelled  basis)  consumed  per  100  pounds  gain  in  lot  2  of  the  last 
experiment  also  was  lower  than  in  the  corresponding  lots  of  the  other 
tests.  These  amounts  were  427.5  pounds  and  462.26  pounds  in  the 
first  and  second  test,  respectively.  In  the  last  test  approximately  69 
per  cent  more  total  feed  (exclusive  of  minerals)  was  consumed  by 
lot  2  than  by  lot  1  per  unit  of  gain.  This  figure  may  be  compared  with 
80  per  cent  in  the  first  test  and  76  per  cent  in  the  second  test. 

The  consumption  of  nutrients  per  100  pounds  gain  in  the  third 
test  was  calculated  and  is  shown  in  Table  10. 

Table   10. — Calculated  amounts  of  nutrients  conmmed  per  100  pounds  gain  in 

third  experiment 


Nutrients 

Lot  1 

Lot  2: 

Peanuts 

Tankage 

Total 

Peanuts 

Protein... 

Pounds 
53.62 
31.12 
80.85 

Pounds 

23.93 

1.60 

2.72 

Pounds 
11.  bb 
23.72 
83.57 

Pounds 
110  19 

Carbohydrates. 

63  94 

Fat...  .                                                                ' 

166  14 

In  this  experiment,  as  in  the  others,  the  total  amount  of  each 
nutrient  consumed  per  unit  of  gain  by  lot  1  was  considerably  less  than 
that  consumed  by  lot  2.  As  before,  about  one- third  of  the  protein 
and  small  proportions  of  the  other  nutrients  consumed  by  lot  1  were 
supplied  in  the  tankage.  The  23.93  pounds  of  tankage  protein  con- 
sumed for  each  100  pounds  gain  in  lot  1  had  replacement  value  equal 
to  56.57  pounds  of  peanut  protein  consumed  by  lot  2.  Further 
calculation  develops  the  fact  that  the  relatively  small  quantities  of 
tankage  nutrients  shown  in  Table  10  had  a  value  equivalent  to  the  total 
value  of  56.57  pounds,  32.82  pounds,  and  85.29  pounds  of  the  peanut 
protein,  carbohydrates,  and  fat,  respectively,  consumed  per  100 
pounds  gain  by  lot  2. 

GENERAL   RESULTS 

The  results  of  this  series  of  experiments  lend  themselves  well  to 
consideration  as  a  whole.  Table  11  shows  the  average  feeding  results 
obtained  in  the  three  tests. 
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Table    11. — Weighted   average   results   of  feeding   peanuts   and   mineral   mixture, 
self-fed,  free  choice,  with  and  without  tankage,  in  three  experiments 


Ration 

Item 

Peanuts, 
mineral 
mixture, 

and 

tankage 

(lot  1) 

Peanuts 

and 

mineral 

mixture 

(lot  2) 

Pigs  used-      --         -  -. 

..number., 
do 

53 
49.1 
47.8 
91.6 
43.8 
.89 

51 

Days  fed 

49  4 

Average  initial  weight 

Average  final  weight .  ..  . 

-pounds.. 
do    ._ 

47.9 
67  6 

Average  gain.-   -    .      

do 

19  7 

Average  daily  gain .. 

do 

40 

do 

Average  daily  feed  consumption: 

Unshelled  peanuts  ■-  - 

2.46 

(1.  75) 

.38 

2  33 

Peanuts  (shelled  basis) 

do 

(1.  65) 

Tankage - 

do-... 

do.... 

do.... 

do 

Total  feed  (exclusive  of  minerals) 

Total  feed  (exclusive  of  mineral  with  peanuts  on  shelled  basis. 

2.84 
(2. 13) 

2.33 

(1.  65) 

Feed  consumed  per  100  pounds  gain: 
Unshelled  peanuts 

276.  16 

(196.  34) 

42.20 

584  75 

Peanuts  (shelled  basis) 

Tankage ...  .  - 

do.... 

do 

(415.  35) 

do-... 

do-... 

Total  feed  (exclusive  of  minerals) 

Total  feed  (exclusive  of  minerals)  with  peanuts  on  shelled  basis-. 

318.  36 
(238.  54) 

584..75 
(415.  35) 

1  Shelled  peanuts  were  fed  in  first  experiment, 
was  based  upon  70  per  cent  shelling  yield. 


Estimate  of  amount  consumed,  in  terms  of  unshelled  nuts 


The  feeding  of  tankage  with  peanuts  and  minerals  more  than 
doubled  the  rate  of  gain.  While  the  rate  of  gain  made  by  the  tankage- 
fed  pigs  was  very  good,  considering  their  age  and  size,  that  made  by 
the  other  group  was  unsatisfactory. 

It  is  of  interest  that  the  tankage-fed  group  not  only  consumed  0.38 
of  a  pound  of  tankage  per  pig  daily,  as  an  average,  but  also  ate  0.1  of 
a  pound  more  of  peanuts  (shelled  basis)  than  the  other  group.  In 
other  words  the  average  pig  in  the  former  group  consumed  0.48  of  a 
pound  more  feed  (exclusive  of  minerals)  per  day  than  the  average 
pig  in  the  latter  group.  The  apparent  deduction  to  be  made  is  that 
the  tankage,  in  addition  to  other  effects,  stimulated  the  appetites  of 
the  pigs. 

The  difference  between  the  two  groups  of  pigs  with  respect  to  feed 
utiUzation  is  very  striking.  A  total  of  415.35  pounds  of  peanuts 
(shelled  basis)  was  required  to  produce  ^  100  pounds  gain  when  no 
tankage  was  fed.  In  the  other  group  of  pigs,  however,  a  consumption 
of  42.2  pounds  of  tankage  per  100  pounds  gain  was  accompanied  by 
the  consumption  of  196.34  pounds  of  peanuts,  or  219.01  pounds  less 
than  in  the  no-tankage  group.  In  other  words  1  pound  of  tankage 
eaten  by  the  pigs  resulted  in  the  saving  of  approximately  5.2  pounds 
of  shelled  peanuts.  With  imshelled  peanuts  at  3  cents  a  poimd, 
which  makes  the  cost  of  shelled  peanuts  4.3  cents  a  pound  on  a  basis 
of  70  per  cent  shelling  yield,  tankage  was  worth  22.4  cents  a  pound. 

There  was  a  feed  cost  of  $17.86  per  100  pounds  gain  when  no  tank- 
age was  fed,  as  compared  to  a  cost  of  $9.92  when  tankage  was  fed  as 
a  supplement  to  peanuts,  with  unshelled  peanuts  at  3  cents  and  tank- 
age at  3.5  cents  a  pound.     Exact  figures  on  consumption  of  minerals 
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are  not  available,  and  therefore  the  cost  of  minerals  is  not  included  in 
the  above.  With  mineral  mixture  at  3  cents  a  pound,  however,  it  is 
estimated  that  the  cost  of  minerals  consumed  by  either  group  of  pigs 
did  not  exceed  35  cents  per  100  pounds  gain. 

The  data  on  nutrient  consumption  by  the  two  groups  of  pigs  are 
interesting  and  significant.  Table  12  shows  the  average  calculated 
consumption  of  nutrients  per  100  pounds  gain  by  the  two  groups  of 
pigs. 

Table  12. — Weighted  average  consumption  (calculated)  of  nutrients  per  100  pounds 

gain  in  three  experiments 


Nutrients 

Lotl 

Lot  2: 

Peanuts 

Tankage 

Total 

Peanuts 

Protein                -.  .-  

Pounds 

55.78 
38.36 
85.64 

Pounds 

25.49 

2.38 

2.85 

Pounds 
81.27 
40.74 
88.49 

Pounds 
117. 35 

Carbohydrates 

Fat 

83.11 
179. 61 

Considering  the  protein,  it  is  calculated  that  the  25.49  pounds  of 
tankage  protein  consumed  by  lots  1  had  a  value  equal  to  61.57  pounds 
of  the  peanut  protein  consumed  by  lot  2.  This  is  a  ratio  of  1  :  2.4  for 
the  quantity  of  tankage  protein  in  relation  to  that  of  peanuts.  It  wall 
be  noted  that  the  quantities  of  carbohydrates  and  fat  supphed  by  the 
tankage  in  lot  1  were  relatively  small.  It  is  not  Hkely  that  they  had 
an  important  part  in  producing  the  superior  results  shown  by  this 
lot.  As  a  whole,  however,  the  nutrients  as  shown  for  tankage  equaled 
the  total  value  of  61.57,  44.75,  and  93.97  pounds  of  peanut  protein, 
carbohydrates,  and  fat,  respectively,  consumed  by  the  group  which 
received  no  tankage. 

SUMMARY   AND   CONCLUSIONS 

Although  in  fattening  hogs  peanuts  promote  moderately  rapid 
gains  with  low  feed  consumption  per  unit  of  gain,  the  experiments 
here  reported  indicate  the  value  of  a  protein  supplement  when  peanuts 
are  fed  to  growing  pigs.  The  composition  of  peanuts  suggests  that 
the  feed  without  protein  supplement  should  be  suitable  for  growing 
pigs,  yet  the  first  phase  of  the  first  experiment  in  this  series  indicated 
strongly  that  even  with  mineral  supplements  peanuts  are  not  efficient 
for  pigs  in  the  early  stages  of  growth. 

The  three  experiments  reported  in  this  bulletin  indicated  that 
tankage  corrects  the  inefficiency  of  a  ration  of  peanuts  and  minerals 
for  growing  pigs  and  results  in  rapid  gains  and  highly  economical 
feed  utihzation.  Purebred  pigs  of  1924,  1925,  and  1926  fall  farrow 
were  started  each  year  soon  after  the  pigs  were  weaned. 

As  an  average  the  pigs  receiving  only  peanuts  and  minerals  made 
a  daily  gain  of  0.4  of  a  pound  as  compared  with  0.89  of  a  pound 
for  the  pigs  receiving  tankage  as  a  supplement. 

Tankage  seemed  to  stimulate  the  appetites  of  the  pigs.  The  average 
pig  in  the  tankage-fed  lots  ate  0.38  of  a  pound  of  tankage  a  day  in 
addition  to  consuming  0.1  of  a  pound  more  of  peanuts  (shelled  basis) 
than  the  average  pig  in  the  other  lots. 
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In  feed  utilization  the  tankage-fed  lots  showed  strikingly  superior 
rfesults.  The  lots  receiving  no  tankage  consumed  from  69  to  80  per 
cent  more  feed,  excluding  minerals,  for  each  unit  of  gain.  One 
hundred  'pounds  of  gain  in  the  tankage  lots  required  an  average  of 
276  pounds  of  peanuts  (unshelled)  and  42  pounds  of  tankage,  while 
in  the  lots  receiving  no  protein  supplement  585  pounds  of  peanuts 
(unshelled)  was  needed.  Each  pound  of  tankage  saved  more  than 
5  pounds  of  shelled  peanuts. 

With  unshelled  peanuts  at  3  cents  a  pound  and  tankage  at  3.5 
cents,  the  addition  of  tankage  to  the  ration  produced  100  pounds  of 
gain  at  a  saving  of  $7.94. 

The  cost  of  minerals  is  not  considered  in  the  above.  With  mineral 
mixture  at  3  cents  a  pound,  however,  it  is  estimated  that  the  cost 
of  minerals  consumed  by  either  group  of  pigs  did  not  exceed  35  cents 
per  100  pounds  gain. 

The  amount  of  each  nutrient  consumed  per  unit  of  gain  was  much 
less  for  the  tankage-fed  pigs.  The  25.49  pounds  of  tankage  protein 
consumed  per  100  pounds  gain,  as  an  average  for  the  three  tests, 
had  a  value  equal  to  61.57  pounds  of  the  peanut  protein  consumed 
by  the  pigs  which  were  fed  no  tankage.  This,  combined  with  the 
further  fact  that  the  tankage  furnished  only  small  quantities  of 
carbohydrates  and  fat,  suggests  that  the  protein  of  the  tankage  was 
relatively  efficient  and  contributed  largely  to  the  superior  results 
obtained  in  the  tankage  fed  lots.  The  total  value  of  25.49,  2.38,  and 
2.85  pounds  of  tankage  protein,  carbohydrates,  and  fat,  respectively, 
consumed  per  100  pounds  gain,  was  equal  to  that  of  61.57,  44.75, 
and  93.97  pounds  of  peanut  protein,  carbohydrates,  and  fat  consumed 
by  the  no-tankage  lots. 
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INTRODUCTION 

To  meet  the  demand  of  prospective  purchasers  of  the  domestic  oil 
burner  for  reliable  information,  the  United  States  Department  of 
Agriculture  has  tested  a  number  of  oil  burners  of  different  desi^ 
and  has  issued  a  circular  based  on  the  results  of  the  tests.^  That  cir- 
cular was  designed  to  give  the  information  necessary  for  the  home 
owner  to  make  his  own  selection  of  an  oil  burner.  This  bulletin  deals 
with  the  more  technical  phases  of  the  investigation.^ 

The  tests  conducted  by  the  Department,  supplemented  by  a  study 
of  many  domestic  installations,  have  indicated  the  performance  that 
may  be  expected  of  the  several  types  of  burners,  boilers,  and  acces- 
sories, the  adaptability  of  existing  heating  plants  to  oil  burning,  and 
the  cost  of  operating  such  plants.  The  conclusions  presented  herein 
are  not  to  be  regarded  as  final  since  the  industry  is  changing  rapidly. 

1  Senner,  A.  H.  oil  burners  for  home  heating.  U.  S.  Dept.  Agr.  Cir.406,  27  pp., 
illus.     1936. 

2  Acknowledgment  is  made  of  the  cooperation  of  the  Johns  Hopkins  School  of  Engi- 
neering which,  made  available  the  laboratories  in  which  this  work  was  conducted. 
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OIL  FUELS 

Crude  petroleum,  from  which  oil  fuels  are  derived,  consists  prin- 
cipally of  hydrocarbons,  together  with  smaller  percentages  of  sulphur, 
nitrogen,  and  oxygen. 

Crude  oils  fall  into  three  classes:  those  with  a  paraffin  base,  those 
with  an  asphalt  base,  and  those  with  a  mixed  base.  The  paraffin-base 
crude  is  so  named  because  on  distillation  it  yields  a  residue  that  is( 
principally  paraffin  wax.  The  asphalt-base  crude  on  distillation  yields 
a  residue  of  asphalt.  The  mixed-base  crude  yields  both  asphalt  and 
paraffin.  The  paraffin  oils  vary  in  color  from  a  dark  green  to  a  light 
amber  and  are  found  principally  in  the  Appalachian  and  midcontinent 
fields.  The  asphaltic  types  are  the  heavier  oils  and  are  found  in  Cali- 
fornia and  in  the  Gulf  coast  regions.  They  are  darker  in  color  than 
the  paraffin  oils  and  vary  from  a  red  brown  to  black. 

The  petroleum  pools  of  the  United  States  may  be  grouped  into 
seven  major  producing  fields  or  districts  as  follows:  (1)  The  Appa- 
lachian district,  (2)  the  Lima-Indiana  district,  (3)  the  Illinois  dis- 
trict, (4)  the  midcontinent  district  (including  Kansas-Oklahoma  and 
Texas-Louisiana),  (5)  the  Gulf  coast  district,  (6)  the  Rocky  Moun- 
tain district,  and  (7)  the  California  district.  Table  1  gives  analyses 
of  various  crude  petroleums. 


Table  1. — Analyses  of  crude  petroleums 

Source 

Carbon 

Hydro- 
gen 

Oxygen 

and 
nitrogen 

Sulphur 

Gravity 
(Baumg) 

Texas  (Beaumont) 

Percent 
84.60 
81.50 
84.90 
83.50 
84.20 
82.80 
86.60 

Percent 
10.90 
10.00 
13.70 
13.30 
13.10 
12.19 
12.30 

Percent 
2.87 
6.90 
1.40 
3.20 
2.70 
2.15 
1.10 

Percent 
1.63 
.55 

Degrees 
22 

California  (Bakersfleld)  ...     ..      .    .        

15 

Pennsylvania 

28 

West  Virginia 

30 

Ohio 

28 

Mexican    .    ......  ..  

2.83 

24 

Union  of  Soviet  Socialist  Republics  (Baku) 

17 

FUELS  FOR  THE  DOMESTIC  OIL  BURNER 

Oil  fuels  are  now  commercially  known  as  domestic  fuel  oils.  No.  1, 
No.  2,  and  No.  3;  and  industrial  fuel  oils,  No.  4,  No.  5,  and^No.  6. 
Sometimes  the  fuels  are  referred  to  as  light,  medium,  and  heavy 
domestic  oils;  and  light,  medium,  and  heavy  industrial  oils.  For 
most  of  the  domestic  burners  of  the  present  day,  the  manufacturers 
recommend  fuel  oil  No.  3,  while  some  burn  either  No.  1  or  No.  2 
fuel  only.  The  oils  identified  by  successively  higher  numbers  have 
correspondingly  higher  flash  points,  contain  more  water  and  solid 
matter,  and  are  less  volatile  and  more  viscous.  The  industrial  fuel 
oils  are  generally  too  viscous  for  use  in  domestic  burners.  Such 
oils  are  generally  heated  before  being  fed  to  the  burner,  so  that 
they  will  be  more  readily  atomized.  Preheating  is  not  provided  for 
in  the  usual  domestic  oil-burner  installations. 

The  heating  values  of  the  different  grades  of  oil  fuels  differ  some- 
what. A  light  oil  is  usually  thought  to  have  a  greater  heating  value 
than  a  heavy  oil,  and  this  is  true  on  a  pound  basis.  Fuels,  however, 
are  customarily  sold  by  the  gallon^  and  the  heavier  oils  Qontain  a 


STUDY  OF  THE  OIL  BURNER  FOR  DOMESTIC  HEATING  3 

greater  number  of  heat  units  per  gallon  than  the  lighter  oils.  They 
also  are  generally  cheaper.  Table  2  shows  approximate  average  heat 
values  of  various  oil  fuels  for  domestic  use. 

Table  2. — Heat  content  of  certain  oil  fuels 


Oil 

Heat  units 

Per  pound 

Per  gallon 

Kerosene                                                 --    -  - 

B.  t.  u.i 
20,000 
19,850 
19,  700 
19,500 

B.  t.  M.l 

136,000 

No  1  fuel  oil                                                                       - 

137,000 

No  2fueloil                                         -           .-      -  - 

140,000 

No  3fueloil                                                          --         -- --- 

141,  OCO 

1  A  British  thermal  unit  (B.  t.  u.)  for  practical  purposes  may  be  defined  as  the  amount  of  heat  necessary 
to  raise  1  pound  of  water  through  1°  F. 

OIL-FUEL  SPECIFICATIONS 

The  Bureau  of  Standards,  in  cooperation  with  refiners  and  other 
interested  groups  and  individuals,  has  established  specifications  for 
domestic  oil-burner  fuels  and  has  issued  a  publication  on  the  subject.^ 

FLASH  AND  FIRE  POINTS 

The  flash  point  of  an  oil  fuel  is  the  temperature  at  which  the 
liquid,  on  being  slowly  heated  under  definite,  specified  conditions, 
begins  to  give  off  vapor  in  such  quantities  that  when  a  torch  is  ap- 
plied it  will  ignite  momentarily,  causing  a  flash.  A  flash  point  of 
150°  to  180°  F.  is  considered  to  be  within  safe  limits  for  fuels  used 
in  domestic  furnaces.  If  heated  further  the  vapor  will  be  given  off 
in  larger  quantities,  and  the  temperature  at  which  it  will  ignite  and 
continue  burning  (for  a  period  of  at  least  5  seconds)  is  called  the 
fire  point  w^hich  for  an  oil  fuel  should  be  low  enough  for  the  atomized 
oil  to  ignite  fairly  easily  when  a  torch  is  applied. 

Crankcase  oils,  from  the  crankcases  of  automobiles,  trucks,  and 
tractors,  generally  contain  more  or  less  gasoline  and  consequently 
may  have  low  flash  and  fire  points.  The  use  of  this  oil  as  a  fuel  for 
oil  burners,  without  refining,  may  thus  be  a  dangerous  practice. 

VISCOSITY 

The  viscosity  of  an  oil  fuel  is  that  property  which  resists  any 
force  tending  to  make  it  flow  and  is  usually  measured  by  the  time 
required  for  a  definite  quantity  of  the  oil  to  pass  through  an  orifice 
of  definite  size  under  known  conditions  of  temperature  and  pressure 
head.  For  oils  suitable  for  domestic-burner  usage,  the  viscosity 
should  be  low  enough  that  the  oil  will  flow  readily  in  cold  weather. 

WATER 

Water  is  only  slightly  soluble  in  the  oil  fuels,  and  when  present 
it  will  be  found  mostly  in  the  bottom  of  the  container ;  however,  in 
the  heavy  oil  fuels  some  may  be  found  in  mechanical  suspension. 

3  National  Bureau  of  Standards,  fuel  oils  roMMEROiAi,  standards.  Bur.  Stand- 
ards C  S  12-35,  ed.  3,  14  pp.     1935.    Revised  edition  in  preparation. 
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Some  ready  means  of  detecting  the  presence  of  water  in  tanks 
should  be  available.  Where  water  is  stratified  in  an  oil  tank  it  may 
be  detected  by  means  of  a  water  detector.  This  is  merely  a  metallic 
rule  weighted  at  the  bottom  and  drilled  at  the  top  so  that  it  may  be 
lowered  into  a  tank  through  the  fill  or  other  opening.  Clipped  on 
this  rule  is  a  strip  of  paper  covered  with  a  substance  impervious  to 
oil  but  readily  soluble  in  water.  Any  substance  having  these  prop- 
erties is  suitable.  Iron  ammonium  citrate,  a  double  salt  of  citric 
acid,  rich  purple  in  color  when  solid  and  giving  a  coating  like  varnish 
when  applied  to  paper,  is  commonly  used.  For  determining  the  pres- 
ence of  water  the  detector  is  lowered  into  the  tank.  Water,  if  pres- 
ent, dissolves  the  coating  and  leaves  the  paper  almost  white,  while  the 
portion  of  the  paper  in  contact  with  the  oil  remains  unaltered  in 
color. 

SOLID  MATTER 

The  solid-matter  content  as  ordinarily  found  in  light  oil  fuels 
suitable  for  domestic  use  is  negligible.  As  a  precautionary  measure, 
however,  it  is  advisable  that  all  oils  be  strained  before  they  are  put 
into  the  consumer's  storage  tanks. 

SULPHUR 

The  presence  of  sulphur  in  appreciable  quantities  in  oil  fuels  is 
very  undesirable.  The  sulphur  compound  formed  during  combus- 
tion has  an  objectionable  odor  and  may  corrode  the  metal  parts  of 
the  furnace. 

HEATING  VALUES 

The  energy  involved  in  the  reactions  of  the  various  elements  of  a 
fuel  is  heat.  The  most  important  reaction  with  oil  is  the  combina- 
tion of  the  carbon  and  hydrogen  of  the  fuel,  with  the  oxygen  sup- 
plied for  combustion.  To  estimate  efficiencies,  flame  temperatures, 
etc.,  knowledge  of  these  heats  of  reaction  is  necessary. 

The  following  are  heat  values  of  the  elemental  combustibles  and  of 
various  gases. 

Heat  values  in  B.  t.  u.  per  pound 

Carbon  burned  to  CO2 14,600. 

Carbon  burned  to  CO 4,400. 

Sulphur  burned  to  SO2 4,000. 

Hydrogen  burned  to  H.0 1??'?^.^' Sf  • 


52,500,  lower. 


Heat  values  in  B  t.  u.  per  standard  cubic  foot 
[14.7  pounds  per  square  inch  and  32°  F.] 


Carbon  monoxide,  CO. 

Hydrogen  (H2) 

Methane  (CH4) 

Ethylene  (C2H4) 

Benzol  (CeHe) 


Heating  values  of  fuels  may  be  determined  either  by  calculation 
from  the  results  of  a  chemical  analysis  or  by  burning  a  sample  in  a 
calorimeter.  Oil  fuel  is  sold  by  volume,  not  by  weight,  and  in  con- 
sidering heating  values  it  is  well  to  bear  this  fact  in  mind.    A  general 
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idea  of  the  heating  value  of  an  oil  can  be  had  from  the  specific  gravity. 
In  figure  1  the  approximate  heating  value  of  the  various  oil  fuels  are 
plotted  as  a  function  of  the  Baume  gravity  of  the  oil.  These  values 
are  only  approximate,  and  when  greater  precision  is  desired  the 
calorimeter  test  is  required.  The  effect  of  estimating  heat  content  per 
unit  of  volume,  instead  of  per  unit  of  weight,  is  shown  by  the  two 
lines.  While  the  lighter  oils  have  a  higher  heat  content  per  pound 
than  do  the  heavier  oils,  they  have  a  lower  heat  content  per  gallon. 


20  30  ^40 

Gravity  (degrees  Baume^ 

Figure  1. — Heat  values  per  pound  and  per  gallo  i  of  oil  fuels  of  various  gravities. 
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HIGHER  AND  LOWER  HEATING  VALUES 


In  the  combustion  of  fuels  containing  hydrogen,  water  is  formed. 
This  water — produced  in  a  region  of  high  temperature — is  in  the 
form  of  superheated  steam,  and  in  ordinary  practice  this  steam  never 
is  condensed  within  the  heating  passages  of  the  boiler  but  passes  up 
the  chimney,  carrying  w4th  it  an  appreciable  number  of  heat  units. 
The  heat  units  thus  lost,  through  noncondensation,  diminish  the 
calorific  value  of  the  fuel  as  represented  by  the  ultimate  analysis, 
and  this  diminished  value  is  known  as  the  "lower  heating  value," 
while  the  "higher  heating  value"  is  the  gross  heat  which  is  liberated 
by  the  combination  of  the  elements  of  the  fuel  with  oxygen. 

The  determination  of  the  heating  value  of  a  fuel  in  the  laboratory 
gives  the  higher  heating  value,  because  the  water  vapor  that  is  gen- 
erated is  condensed  and  gives  up  its  latent  heat.  Also,  when  hydrogen 
is  burned  to  water  vapor  and  the  products  cooled  to  the  initial  tem- 
perature, the  heat  liberated  is  the  higher  heating  value.  This  is  the 
value  obtained  by  the  use  of  the  ordinary  calorimeter.  The  lower 
heating  value  assumes  the  products  cooled  to  the  initial  temperature 
but  the  water  not  condensed.  The  difference  between  the  higher 
and  the  low^er  heating  values,  then,  is  equivalent  to  the  heat  of  vapor- 
ization of  water  at  the  initial  temperature.  Assuming  the  initial 
temperature,  or  room  temperature,  to  be  60°  F.,  the  difference  between 
the  higher  and  lower  heating  values  of  1  pound  of  hydrogen  shows 
the  following  values  for  various  temperatures  of  escaping  steam: 
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Temperature  of 

Difference  in 

escaping  steam 

heating  values 

°  F. 

B.t.u. 

60 

9,450 

300 

10,430 

500 

11,240 

700 

12,060 

1,000 

13,280 

1,500 

15,320 

These  differences  are  too  large  to  be  negligible,  and  it  must  be  de- 
cided which  heating  value  is  to  be  used.  The  difference  is  not  great 
with  fuels  of  low  hydrogen  content  but  with  oils  containing  roughly, 
0.14  pound  of  hydrogen  per  pound  of  oil,  the  discrepancy  is  appre- 
ciable. The  lower  heating  value  cannot  easily  be  determined  experi- 
mentally and  is  not  so  definite,  so  the  higher  heating  value  is 
commonly  used. 

VOLATILITY 

The  volatility  of  a  fuel  is  of  particular  importance  when  it 
is  burned  in  the  ordinary  vaporizing- type  burner.  The  No.  1  or 
No.  2  oils  are  generally  supplied  to  burners  of  this  type.  Those  fuels 
which  are  more  volatile  require  only  a  relatively  low  temperature  to 
cause  them  to  vaporize  and  become  mixed  with  the  air  for  combustion ; 
thus  the  tendency  to  "crack"  is  reduced. 

To  determine  the  relative  volatilities  of  various  fuels  supplied  to 
the  vaporizing  type  of  burner,  a  number  of  samples  of  these  oils  were 
collected  from  the  open  market  and  subjected  to  the  distillation  test. 
This  test  is  so  contrived  as  to  determine  the  temperatures  at  which  the 
various  fractions  of  the  oil  are  distilled  off. 

Table  3  gives  complete  analyses  of  the  various  oils  designated  as  A, 
B,  C,  and  D,  and  table  4  contains  corresponding  distillation  data  for 
these  oils.  Figure  2  represents  the  typical  distillation  curves  as 
plotted  from  table  4. 
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Figure  2. — Typical  distillation  curves  of  fuel  oils. 
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Table  3. — Analyses  of  fuel  oils^ 


Property  determined 


Gravity  designation  under  which  oil  was  sold 

Specific  gravity  at  60/60°  F 

Degrees  Baume 

Flash  point  (Pensky-Martin's  closed  cup) °  F. 

Flash  point  (Cleveland  open  cup) do.-_ 

Fire  point  (Cleveland  open  cup) do... 

Viscosity  (Saybolt  universal  viscosimeter)  at: 

70°  F 

100°  F 

120°  F 

Water percent- 
Color  of  oil 

Gross  B.  t.  u.,  per  pound 

Gross  B.  t.u.,  per  gallon 

Proximate  analyses: 

Volatile  matter percent- 
Fixed  carbon do--_ 

Ultimate  analyses: 

Carbon do--. 

Hydrogen do-.. 

Sulphur dO— - 

Oxygen  and  nitrogen dO-.. 


Oil  samples 


38  to  40 

0.843 

36.07 

155 

170 

190 

42 

41.5 

40 

None 

Straw 

19, 471 

136. 686 


.012 

84.51 

12.43 

.63 

2.43 


38  to  40 

0.823 

40.11 

130 

135 

160 

43 

41.5 

40.5 

None 

Straw 

19, 991 

137, 138 


.14 

84.09 

12.17 

.47 

3.27 


38  to  40 

0.818 

40.94 

165 

175 

205 


None 

Colorless 

20,  572 

140, 095 

99.995 
.005 

84.56 

13.69 

.55 

1.20 


38  to  40 

0.845 

35.68 

155 

155 

175 

42 

41 

40 

None 

Straw 

19, 959 

140,  511 

99.  984 
.016 

86.16 

12.64 

.19 

1.01 


Oils  tested  at  U.  S.  Naval  Engineering  Experiment  Station  at  Annapolis,  Md. 

Table  4. — Results  of  distillation  tests  on  four  fuel  oils  ^ 


Progress  of  distillation 

Oil  samples 

Progress  of  distillation 

Oil  samples 

A 

B 

C 

D 

A 

B 

C 

D 

First  drop... 

°  F. 
384 
402 
408 
416 
424 
431 
438 
446 
456 

°i^. 
344 
380 
392 
408 
422 
436 
451 
468 
482 

°  F. 
408 
424 
433 
442 
447 
462 
474 
487 
505 

°  F. 
372 
389' 
395 
404 
410 
418 
425 
432 
441 

First  drop— Continued 
80  cc 

°F. 
470 
496 
623 
642 

cc 
97 

°F. 
507 
568 

7578" 

cc 
93 

op. 

540 

583 

693 

606 

CC 

98H 

0  p 

5cc 

452 

lOcc — 

90  cc 

472 

20  cc 

95  cc 

600 

30cc 

End  point 

606 

40  cc 

Total  recovered. . . 

50  cc 

60  cc 

96 

70  cc 

>  Oils  tested  at  U.  S.  Naval  Engineering  Experiment  Station  at  Annapolis,  Md. 
METHODS  OF  HEAT  TRANSFER 

A  clear  conception  of  the  methods  of  heat  transfer  is  necessary 
for  a  complete  understanding  of  boiler  and  furnace  problems.  There 
are  three  methods  of  heat  transfer — conduction,  convection,  and 
radiation. 

Conduction  is  the  intermolecular  transfer  of  heat  within  a  body. 
For  instance,  if  one  end  of  a  copper  bar  is  placed  in  a  flame  an  in- 
crease in  molecular  activity  takes  place  in  the  end  subjected  to  the 
flame,  and  this  activity  is  transferred  from  molecule  to  molecule  until 
the  whole  bar  is  very  hot.  Now,  if  one  end  is  maintained  at  a  low 
temperature,  heat  will  continue  to  flow  along  the  bar  from  the  hot 
end  to  the  cold.  Heat  is  transferred  through  metal-boiler  heating 
surfaces  in  this  manner. 

Convection  refers  to  the  mass  transfer  of  heat.  For  example,  a 
volume  of  gas  is  heated  by  contact  with  a  hot  surface  or  by  combus- 


g  TECHNICAL  BULLETIN  109,  U.  S.  DEPT.  OF  AGRICULTURE 

tion,  and  rises  owing  to  decreased  density.  Later,  the  gas  comes  in 
contact  with  a  cold  body  to  which  it  gives  up  its  heat.  The  greater 
part  of  the  heat  is  delivered  to  the  indirect  heating  passages  of  a 
boiler  by  means  of  convection. 

Kadiant  energy  is  a  form  of  activity  in  the  ether,  similar  to  light 
and  electricity.  One  standing  near  an  open  fire  is  conscious  not  only 
of  the  light  coming  from  it,  but  also  of  a  sensation  of  Avarmth.  This 
sensation  is  lost  when  an  opaque  screen  is  interposed  but  returns. as 
quickly  as  does  the  light  when  the  screen  is  withdrawn.  This  phe- 
nomenon is  shown  also  by  the  fact  that  after  a  solar  eclipse  the  warm- 
ing effect  of  the  radiation  from  the  sun  appears  simultaneously  with 
the  light  itself.  This  radiant  effect  can  even  be  felt  through  a  thin 
sheet  of  ice.  Since  both  surfaces  of  the  ice  are  at  the  same  tempera- 
ture (32°  F.,  the  temperature  of  melting  ice)  no  heat  can  be  trans- 
ferred by  ordinary  conduction.  Kadiant  energy  must  therefore  be 
transmitted  by  a  very  different  process.  This  is  also  indicated  by  the 
fact  that  it  readily  passes  through  a  vacuum. 

Heat  radiation  is  wave  action  and  differs  from  light  and  electricity 
only  in  wave  length.  The  molecules  of  a  hot  body  are  in  a  state  of 
vibration.  These  molecules  set  up  in  the  ether  radiant-energy  vibra- 
tions which  travel  at  enormous  speeds  in  straight  lines  in  all  direc- 
tions from  the  hot  body.  When  such  radiant-energy  waves  impinge 
on  a  colder  body  some  of  whose  molecules  can  vibrate  in  tune  with 
them,  then  the  waves  are  absorbed  by  the  colder  body  and  its  tem- 
perature rises  due  to  this  absorption.  If  the  cold  body  is  such  that  it 
does  not  absorb  these  vibrations,  then  the  latter  either  pass  through  it 
or  are  reflected.  The  character  of  the  body  has  a  marked  effect  on 
its  absorbing  and  radiating  possibilities.  A  dull  black  body  has  the 
greatest  property  of  absorption  and  radiation.  Any  other  body,  un- 
der similar  conditions  of  temperature,  will  emit  and  absorb  only  a 
fraction  of  the  energy  that  a  black  body  will. 

In  furnace  operation  we  are  concerned  not  only  with  the  radiating 
properties  of  solids  but  also  those  of  certain  gases.  It  has  been  shown 
that  the  net  radiation  exchange  between  a  gaseous  flame  and  a  colder 
solid  body  is  largely  due  to  the  CO2  and  H2O  molecules  which  are 
good  radiators  and  absorbers.  All  other  molecules  in  the  gaseous 
mixture  apparently  act  as  nearly  perfect  reflectors.  Hence,  heat  radi- 
ation from  the  gases  plays  an  important  part  in  the  performance  of 
a  furnace. 

The  Stefan-Boltzmann  law  of  radiant-heat  transfer  states  that  for 
an  ideal  black  body  the  amount  of  heat  transferred  varies  as  the 
difference  between  the  fourth  powers  *  of  the  absolute  temperatures 
of  the  hot  and  cold  bodies. 

This  is  expressed  by  the  relation 

where  H  is  the  heat  transferred  in  unit  time, 

-fir  is  a  constant  depending  on  the  nature  of  the  hot  and  cold 
substances. 


*  The  exponent  4  holds  only  for  the  black  body ;  for  gases  it  is  very  different  because 
only  certain  bands  of  the  spectrum  appear  and  the  total  heat  emission  can  be  determined 
only  by  direct  tests. 


STUDY  OF  THE  OIL  BURNER  FOR  DOMESTIC  HEATING      Q 

Tn  and  Tc  are  the  absolute  temperatures  of  the  hot  and  cold 
substances,  respectively.^ 

COMBUSTION 

Combustion,  or  burning,  is  any  chemical  combination  in  which  heat 
is  evolved.  In  engineering,  the  kind  of  combustion  in  which  we  are 
particularly  interested  is  the  combination  of  various  fuels  with  oxygen. 
In  this  sense  the  word  combustible  may  apply  to  any  substance  that 
is  capable  of  combining  rapidly  with  oxygen  to  produce  heat. 

Ignition  temperature  is  the  temperature  necessary  to  start  local  com- 
bustion at  such  a  rate  that  the  adjacent  portions  of  the  air-fuel  mix- 
ture will  be  brought  to  combustion  temperature.  The  most  rapid  igni- 
tion and  combustion  are  desired  in  order  to  attain  high  furnace  tem- 
peratures and  thus  realize  highest  radiation  efficiencies.  It  is  generally 
considered  that  the  small  atomized  oil  droplets  entering  the  furnace 
must  first  be  vaporized  and  then  gasified  and  raised  to  ignition  tem- 
perature, before  they  will  burn  in  the  presence  of  the  oxygen  supplied 
for  combustion.  This  process  is  endothermic  or  heat  absorbing,  and 
the  furnace  walls  or  flame  must  provide  the  heat  necessary.  The  air 
supplied  for  combustion — particularly  the  primary  air — must  also  be 
heated  before  combustion  will  ensue.  Air  is  a  poor  absorber  of  radiant 
heat  and  may  have  increased  in  temperature  comparatively  little  by 
the  time  the  oil  droplet  has  been  gasified  to  considerable  extent.  The 
air  is  heated  largely  by  convection  from  the  high-temperature  portions 
of  the  flame.  Ultimately  the  air- fuel  mixture  reaches  ignition  temper- 
ature and  combustion  commences.  It  is  apparent,  however,  that  before 
combustion  is  complete  the  oil  droplet  may  have  gone  some  distance 
into  the  furnace.  Early  ignition  and  rapid  burning  are  conducive  to 
high  flame  temperatures  and  reduced  flame  travel. 

The  speed  of  combustion  is  greatly  dependent  upon  the  rate  of  mix- 
ing fuel  and  air.  As  the  droplets  of  oil  are  gasified  and  burned  in 
passing  through  the  furnace,  each  droplet  is  surrounded  by  its  prod- 
ucts of  combustion  and  the  process  of  further  combining  is  somewhat 
hindered  thereby.  Thus  a  certain  amount  of  turbulence  is  desirable. 
The  degree  of  atomization  also  aflPects  the  speed  of  combustion. 

The  importance  of  combustion  speed  is  seen  clearly  when  it  is  con- 
sidered that  higher  combustion  speed  means  higher  flame  tempera- 
tures and  higher  accompanying  heat  emission  by  radiation.  More- 
overj  high  combustion  speed,  results  in  shorter  flame  travel  and  the 
required  combustion  space,  for  a  given  heat  energy  emission,  is  then 
at  a  minimum. 

There  are  certain  vital  problems  to  be  considered  when  fuels  are 
burned,  as  for  instance,  how  much  heat  will  be  developed  through 
a  given  reaction;  will  the  combustion  be  complete  if  sufficient  time 
is  allowed;  how  much  fuel  will  be  consumed  in  a  given  time  under 
certain  conditions?  Obviously  these  questions  are  of  importance  to 
the  designer,  and  they  are  best  solved  by  recourse  to  the  laws  of 
chemistry.    The  more  important  combustion  reactions,  together  with 

^  For  data  on  radiation  from  CO2  and  H2O,  and  referring  to  radiation  from  gas  layers 
in  furnaces,  see  the  following:  Schack,  A.  [effect  of  gas  radiation  on  heat  trans- 
mission.] Iron  and  Steel  Inst.,  Diisseldorf,  Heat  Research  Bur.  Bull.  55.  [Abstract  by 
B.   N.  Broido  in  Amer.   Soc.   Mech.  Engin.  Trans.   (1925)   47:   1143-1147,  illus.     1926.] 
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the  heats  of  reaction,  have  been  presented  in  the  section  dealing  with 
heating  values  (p.  4). 

Chemical  combinations  or  reactions  always  take  place  in  definite 
weight  relations  that  are  characteristic  of  the  elements  acting,  and 
in  definite  volume  changes  that  are  dependent  upon  the  number  of 
gaseous  molecules  reacting  and  the  number  produced.  Following  are 
the  weights  of  the  substances  concerned  in  the  combustion  of  the  oils 
used  in  the  tests  made  by  the  Department  of  Agriculture. 

Molecular 
Substance  Atomic  weight  weight 

Carbon C=12.  01   

Sulphur S  =  32.  07 

Oxygen 0=16.00       02=32.00 

Nitrogen N=14.  04      N2  =  28.  08 

Hydrogen H=   LOOS    H2=  2.015 

Carbon  dioxide C02  =  44.  01 

Carbon  monoxide CO  =  28.  01 

Water H20=18.  02 

Sulphur  dioxide S02  =  64.  07 

When  sufficient  air  is  supplied,  and  other  conditions  satisfied,  car- 
bon will  combine  with  oxygen  in  the  following  manner : 

and  this  relation  when  expressed  by  the  w^eights  entering  is, 

12+32=44 
1  +  2.67=3.67 
that  is,  2.67  pounds  of  Oo  are  required  per  pound  of  C.     Similarly, 

2H2  +  02  =  2H20 
4+32=36 
_ 1+8=9 
that  is,  8  pounds  of  O2  are  required  per  pound  of  H2.    And  finally, 

S  +  02  =  S02 

32  +  32=64 
1  +  1  =  2 

that  is,  1  pound  of  O2  is  required  per  pound  of  S.  In  the  above 
relations  the  approximate  atomic  weights  have  been  used. 

From  each  of  the  three  reactions  expressed  above,  the  quantities  of 
O2  required  to  combine  with  C,  H2,  and  S  have  been  determined. 
From  a  knowledge  of  the  proportion  of  oxygen  in  the  air,  these  cal- 
culations may  be  extended  in  order  to  ascertain  the  quantity  of  air 
entering  into  these  reactions.  By  weight,  air  is  composed  of  approxi- 
mately 23.15  percent  of  O2  and  76.85  percent  of  N2;  it  follows,  then, 
that  1  pound  of  O2  is  represented  in  1-^.2315  =  4.32  pounds  of  air. 

The  combustion  calculations  shown  in  table  5  are  for  1  pound  of  a 
fuel-oil  distillate  such  as  is  supplied  to  domestic  oil  burners. 
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Table  5. — Air  required  for  and  products  resulting  from  complete  combustion  of 

oil  with  no  excess  air 


Element 

Weight 

per 
pound  of 

fuel 

Required  quantity 

Products  of  combustion 

02 

Air 

CO2 

O2 

N2 

H2O 

SO2 

n 

Pounds 
0.8451 
.1298 
.0099 
.0099 
.0053 

Pounds 
2.256 
1.038 
-.010 

Pounds 
9.746 
4.484 
-.043 

Pounds 
3.101 

Pounds 

Pounds 

7.490 

3.446 

1-.033 

.010 

.017 

Pounds 

Pounds 

H« 

1.168 

0, 

g 

.005 

.022 

0.010 

Total-    

1.0000 

3.289 

14.  209 

3.101 

0.000 

10.  930 

1.168 

.010 

N2  equivalent  of  O 2  in  fuel. 


However,  in  an  Orsat  apparatus  the  SO2  is  absorbed  with  CO2,  thus : 


CO2 

3.101 

.010 

3.111 


O2 
0 


N2 
10.  930 


10.  930 


H2O 

1.168 


1.168 


The  total  weight  of  the  products  of  combustion,  then,  is  3.111  + 
10.930  +  1.168  pounds -=15.209  pounds. 

Therefore  the  pounds  of  air  theoretically  required  per  pound  of 
fuel  is  equal  to  15.209  minus  1  (w^eight  of  fuel)  =14.209,  which  agrees 
with  the  total  required  air  as  determined  above. 

Table  6  gives  the  weights  of  products  of  combustion  with  varied 
air-fuel  ratios  (percentages  of  excess  air),  per  pound  of  fuel. 

For  an  Orsat  analysis  the  H2O  is  not  determined;  thus  the  per- 
centages of  dry  products  of  combustion  with  varied  air-fuel  ratios, 
are  as  given  in  table  7.  Reduced  to  percentages  by  volume,  the  dry 
products  of  combustion  are  as  given  in  table  8. 

Table  6. — Wet  and  dry  products  resulting  from  combustion  of  oil  per  pound  of 
fuel  with  varying  percentages  of  excess  air 


No 
excess 

20  per- 
cent 

40  per- 
cent 

60  per- 
cent 

80  per- 
cent 

100  per- 
cent 

150  per- 
cent 

200  per- 
cent 

250  per- 
cent 

300  per- 
cent 

C02 

Pounds 
3.111 
0 

10.  930 
1.168 

Pounds 

3.111 

.658 

13. 114 
1.168 

Pounds 
3.111 
1.316 

15.  298 
1.168 

Pounds 
3.111 
1.974 

17. 482 
1.168 

Pounds 
3.111 
2.632 

19. 666 
1.168 

Pounds 
3.111 
3.290 

21.  850 
1.168 

Pounds 
3.111 
4.935 

27. 309 
1.168 

Pounds 
3.111 
6.580 

32.  769 
1.168 

Pounds 
3.111 
8.225 

38.229 
1.168 

Pounds 
3.  Ill 

02 

9.870 

N2 

43.  689 

H20 

1.  168 

Wet  products 

Dry  products 

15.  209 
14. 041 

18. 051 
16.883 

20.  893 
19.  725 

23.735 
22.567 

26.577 
25.  409 

29.419 
28.251 

36.  523 
35.  355 

43.628 
42.  460 

50.  733 
49.  565 

67.838 
56.670 

Table  7. — Relative  weights  of  the  dry  products  of  combustion  with  varying  per- 
centages of  excess  air 


No 

excess 

20  per- 
cent 

40  per- 
cent 

60  per- 
cent 

80  per- 
cent 

100  per- 
cent 

150  per- 
cent 

200  per- 
cent 

250  per- 
cent 

300  per- 
cent 

COj 

Percent 

22.16 

.00 

77.84 

Percent 
18.43 
3.90 
77.67 

Percent 
15.77 
6.67 
77.56 

Percent 
13.78 
8.75 
77.47 

Percent 
12.  24 
10.35 
77.41 

Percent 
11.01 
11.64 
77.35 

Percent 
8.80 
13.95 
77.25 

Percent 

7.32 

15.49 

77.19 

Percent 
6.27 
16.59 
77.14 

Percent 
5  49 

02 

17  41 

N, . 

77.10 

12 
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TAB!LE  8.- 


-Relative  volumes  of  the  dry  products  of  comhustion  with  varying  per- 
centages of  excess  air 


No 

excess 

20  per- 
cent 

40  per- 
cent 

60  per- 
cent 

80  per- 
cent 

100  per- 
cent 

150  per- 
cent 

200  per- 
cent 

250  per- 
cent 

300  per- 
cent 

C02 

Percent 
15.3 
.00 
84.7 

Percent 

12.6 

3.7 

83.7 

Percent 

10.7 

6.2 

83.1 

Percent 

9.3 

8.2 

82.5 

Percent 

8.3 

9.6 

82.1 

Percent 

7.4 

10.8 

81.8 

Percent 

5.9 

12.8 

81.3 

Percent 
4.9 
14.2 
80.9 

Percent 
4.2 
15.2 
80.6 

Percent 
3.6 

02 

15.9 

N2              

80.5 

In  figure  3  are  five  graphs  that  show  the  characteristics  of  the 
products  of  combustion  of  a  representative  distillate  fuel,  when 
burned  with  various  percentages  of  excess  air.  The  curves  are  char- 
acteristic for  the  distillate  assumed  in  the  foregoing  computations, 
but  since  the  range  of  fuels  used  in  practice  is  relatively  narrow  the 
curves  should  hold  substantially  for  any  of  the  fuels  used  by  domestic 
burners,  at  the  time  of  writing. 
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Figure  3. — Properties  of  flue  gases  from  a  distillate  fuel  burned  with  various  amounts 

excess  air. 

Curves  A^  B^  and  C  show  the  relation  between  excess  air  and  nitro- 
gen, carbon  dioxide,  and  oxygen,  respectively.  The  percentages  of 
these  Qonstituentg  in  the  flue  gases  are  by  volume  and  on  a  dry-sample 
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basis — ^that  is,  they  are  the  percentages  as  determined  from  an  Orsat 
analysis.  Curves  D  and  E  show  the  relations  between  the-  percentage 
of  excess  air  and  the  weights  of  the  dry  and  wet  products  of  com- 
bustion. 

Curve  A  shows  that  the  percentage  of  nitrogen  in  the  flue  gases 
diminishes  as  the  excess  air  is  increased.  This  curve  is  slightly 
concave  upward. 

Curve  B  is  the  function  which  is  most  frequently  referred  to  and 
shows  the  variation  in  CO2  content  as  the  air-fuel  ratio  is  altered. 
For  the  oil  under  consideration,  this  has  a  maximum  value  of  15.3 
percent  and  decreases  as  the  excess  air  is  increased. 

Curve  C — showing  the  relation  between  excess  air  and  O2 — passes 
through  the  origin  of  coordinates  and  is  concave  downward.  As  the 
excess  air  is  increased,  the  O2  content  of  the  flue  gases  also  increases. 
It  is  of  some  value  to  note  that  curves  B  and  C  afford  a  good  check 
on  the  operation  of  the  Orsat  apparatus,  as  to  leaks  and  completeness 
of  absorption  and  errors  in  technique.  To  illustrate  this,  assume 
that  the  operator  in  analyzing  a  flue-gas  sample  has  determined  that 
the  percentage  of  CO2  is  10.  By  referring  to  curves  B  and  G  it  is 
found  that  the  corresponding  O2  content  should  be  approximately  7. 
Similarly,  a  check  can  be  made  all  along  the  range  of  excess  air  pro- 
vided, of  course,  complete  combustion  exists.  If  the  incompleteness 
of  combustion  is  slight  the  curves  will  still  be  applicable. 

Curves  D  and  E^  which  show  respectively  the  weights  of  the  prod- 
ucts of  combustion  with  and  without  water  vapor,  are  straight  lines 
whose  vertical  distance  apart  is  equal  to  the  constant  weight  of  water 
in  the  flue  gases.  The  weights  of  the  products  are  given  in  terms  of 
pounds  per  pound  of  fuel  burned.  The  difference  in  the  ordinates 
of  the  two  curves  due  to  the  formation  of  water  vapor  is,  on  this 
basis,  1.168  pounds.  This  is  constant  throughout  the  entire  range  of 
excess  air,  as  is  brought  out  in  the  foregoing  computations.  These 
two  curves  are  of  importance  in  estimating  the  quantity  of  heat  that 
passes  up  the  stack,  which  quantity  depends  in  part  upon  the  weight 
of  products  of  combustion. 

It  should  be  remembered  that,  in  combustion,  it  is  desirable  to 
operate  with  the  minimum  of  excess  air;  this  means  operation  at  a 
point  as  far  as  possible  to  the  left  on  the  graphs  in  figure  3.  The 
conditions  then,  will  be  those  of  relatively  high  CO2  and  N2  percent- 
ages, and  a  low  percentage  of  O2.  Moreover,  the  weight  of  the 
products  of  combustion  will  be  low  under  these  conditions.  The 
principal  limiting  factor  in  this  connection  is  the  margin  of  precau- 
tion against  soot  and  smoke  production;  therefore  most  manufac- 
turers recommend  that  20  to  40  percent  excess  air  be  admitted. 

Figure  4,  the  Ostwald  diagram,^  shows  an  interesting  way  of  pre- 
senting the  flue-gas  data  which  ordinarily  is  shown  as  in  figure  3.  In 
this  graph  the  abscissa  is  percent  O2  in  the  flue  gases  while  the 
ordinate  is  percent  CO2  in  the  same.  If  from  the  computations  we 
plot  these  values  for  various  percentages  of  excess  air,  the  locus 
of  such  points  will  be  a  straight  line.  The  points  indicated  on  this 
line  are  the  percentages  of  excess  air.  The  graph  provides  a  compact 
scheme  for  plotting  the  corresponding  percentages  of  the  two  com- 

«  Ostwald,  W.  beitrXge  zur  graphischbn  feuerungs-technik.  Monog.  zur  Feuer- 
ungsteehnik  Heft.  2.  Leipzig.     1920. 
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ponents  of  the  flue  gas  at  various  percentages  of  excess  air,  and  is 
attractive  because  of  the  simple  straight-line  function. 

Frequently  it  is  desired  to  know  how  much  free  air  will  be  drawn 
into  the  furnace  in  order  to  burn  a  certain  quantity  of  fuel,  at  a  given 
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Figure  4. — Oxygen — CO2 


relation  in   flue  gases  when  various  percentages  of  excess  air 
are  used. 


air-fuel  ratio.  To  answer  this  question  figure  5  has  been  prepared. 
In  this  case  the  horizontal  coordinate  is  the  number  of  cubic  feet  of 
free  air  required  for  combustion,  per  gallon  of  oil.     The  vertical 

coordinate  is  the  percent- 
age of  CO2  in  the  flue  gas. 
Let  it  be  required,  for  ex- 
ample, to  determine  the 
number  of  cubic  feet  of 
air  which  will  be  con- 
sumed in  1  hour,  when  the 
burner  is  consuming  2 
gallons  of  oil  per  hour 
and  the  CO2  content  is  10 
percent.  From  the  curve, 
for  a  condition  of  10  per- 
cent of  CO2,  it  is  seen  that 

1  gallon  of  oil  would  re- 
quire about  2,030  cubic 
feet  of  free  air  for  com- 
bustion; therefore,  if  we 
are  burning  at  the  rate  of 

2  gallons  per  hour  the  re- 
quirement   will    be    4,060 

cubic  feet  of  free  air.  Free  air  is  here  to  be  understood  as  air  at 
70°  F.  and  at  atmospheric  pressure.  Thus  it  is  seen  that  a  burner — 
even  a  relatively  small  one — can  displace  the  air  content  of  a  20-  by 
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Figure  5. — Volume  of  air  required  for  the  combustion 
of  oil. 
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20-  by  10-foot  room  once  every  hour  that  it  operates,  merely  to 
supply  air  for  combustion.  The  importance  of  this  fact,  from 
practical  considerations,  is  evident. 

FURNACE  ENERGY  RELATIONS 

The  energy  relations  of  the  furnace  and  fuel  may  be  stated  as 
follows : 

HF  represents  the  rate  of  energy  liberation  by  the  burning  fuel, 
where  H  represents  the  British  thermal  units  liberated  per  pound 
of  fuel,  and  F  the  pounds  of  fuel  consumed  per  hour.  P  represents 
the  rate  at  which  the  liberated  heat  is  absorbed  by  the  products  of 
combustion.  It  results  from  the  addition  of  heat  at  constant  pressure 
to  the  various  components  of  the  products  of  combustion.  In  the 
case  of  the  fuels  generally  supplied  to  the  domestic  oil  burners  these 
products  of  combustion  are,  with  complete  combustion,  CO25  ^2,  N2, 
II2O,  and  SO2.    This  may  be  represented  as  follows : 

F=W^hx  +  W2h2  +  W^h^  +  ^^4^4  +  w^h^ 

In  this  summation  Wx^  1^25  ^^c,  represents  the  weights,  in  pounds  per 
hour,  of  the  constituents  CO2,  O2,  etc.,  formed  by  combustion,  and 
Ai,  A25  ^tc,  represent  their  respective  heat  capacities  at  constant 
pressure  between  the  initial  temperature  and  the  flame  temperature. 
The  last  term  of  the  original  equation,  Z,  represents  the  rate  of 
heat  energy  lost  by  the  products  of  combustion  during  their  travel 
through  the  furnace.  This  will  be  the  sum  of  the  heat  energy  lost 
by  radiation  and  that  lost  by  convection.  By  the  Stefan-Boltzmann 
law,  the  heat  lost  by  radiation  will  be 

where  Tf  is  the  absolute  flame  temperature, 

Tc  is  the  absolute  temperature  of  the  absorbing  cold  surface, 
^  is  a  constant  depending  on  many  factors. 

The  loss  by  convection  {C)  may  be  represented  by  the  relation 

where  S  is  the  furnace-wall  surface, 

c  is  the  heat  transfer  coefficient  in  B.t.u  per  hour,  per  degree 

temperature  difference,  per  unit  of  area, 
M  is  the  mean  temperature  difference  between  the  furnace  wall 

and  the  layer  of  moving  gas  immediately  in  front  of  the 

surface. 

The  last  term  of  the  original  equation,  Z,  may  then  be  expressed  as 
follows : 

L=K{Tf-Tc^)+^Sci^t 
Thus 

HF=%wh+K{Tf-T,-)  +^ScM 
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FLAME  TEMPERATURE 

With  a  knowledge  of  the  amount  of  available  heat  in  the  fuel  and 
of  amounts  and  specific  heats  of  the  products  of  combustion,  the 
theoretical  flame  temperature  can  be  determined.  Specific  heats  are 
not  constant  but  increase  with  temperature;  thus  integration  must 
be  resorted  to  in  order  to  determine  their  true  values.  Such  a  flame- 
temperature  determination  as  the  one  thus  referred  to  is  theoretical 
in  that  it  is  assumed  that  there  is  no  loss  of  heat  to  surrounding  sur- 
faces during  the  interval  required  for  combustion — or  what  is  equiva- 
lent, that  no  time  is  required  for  combustion.  Actually,  of  course, 
such  is  not  the  case.  A  finite,  appreciable  time  is  required  for  com- 
pletion of  combustion,  and  the  surrounding  surfaces  of  the  furnace 
are  excellent  absorbers  of  radiant  energy  so  that  the  actual  tempera- 
ture which  the  products  of  combustion  attain  is  considerably  less 
than  the  theoretical  temperature.  The  energy  relations  for  the  actual 
conditions  are  given  in  the  section  next  above. 
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Figure    6. — ^Theoretical    furnace   temperatures   as   obtained   witli   various   percentages   of 

excess  air. 


It  is  obvious  that  the  determination  of  true  flame  temperatures  is 
not  a  simple  process.  What  is  frequently  done  is  to  estimate  the  flame 
temperature  from  a  consideration  of  the  heat  values  of  the  fuel 
and  the  sensible  heats  of  the  products  of  combustion  resulting  from 
the  burning  of  the  fuel,  assuming  that  all  of  the  heat  liberated  is 
used  to  raise  the  temperature  of  the  products  of  combustion.  Thus 
from  a  knowledge  of  the  initial  temperature,  of  the  mass  and  specific 
heats  of  the  various  products  of  combustion,  and  of  the  heat  units 
liberated,  the  final  temperature  can  be  estimated.  This  temperature 
is  purely  a  theoretical  value  and  does  not  take  into  account  the  effect 
of  radiation;  it  is,  therefore,  not  the  true  temperature  found  in  the 
furnace.  However,  a  knowledge  of  theoretical  temperatures  is  im- 
portant in  the  analysis  of  certain  problems.  Theoretical  tempera- 
tures are  shown  as  a  function  of  air-fuel  ratio  in  figure  6.  The 
rapid  decrease  in  flame  temperature  as  the  excess  air  is  increased  is 
shown  clearly  by  this  curve. 
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FUELS  USED 

The  oil  fuels  used  in  the  tests  here  presented  are  designated  as 
fuel  oils  Nos.  2  and  3  in  the  log  sheets  presented  later.  Tlie  numbers 
indicate  the  commercial  grades  as  defined  by  commercial  standards 
for  fuel  oils  in  publications  by  the  National  Bureau  of  Standards. 
The  analyses  given  in  table  9  are  for  two  typical  samples  of  the  oils 
used. 

Table  9. — Typical  analyses  of  oil  fuels  used  duritig  tests  ^ 


Proi)erty  determined 

No.  2  fuel 

No.  3  fuel 

Flash  point,  closed  cup 

Pour  point-. -     

°  F.. 

0  jP 

150 

-20 

0 

0.022 

412 

589 

626 

34 

0.855 

34.0 

7.13 

.140 

19,700 

165 
—20 

Water  and  sediment 

Carbon  residue 

Ijercent.. 

do 

6  622 

Distillation  temperatures: 

10-percent  point ... 

0  p 

441 

90- percent  point. 

-op-- 

594 

End  point . . 

°F 

643 

Viscosity,  Saybolt  universal  at  100°  F.. 

Specific  gravity  at  60/60 

A.  P.  I.  degrees ..     

seconds.. 

°F.. 

35 
0.876 
30.2 

Pounds  per  gallon ... 

7  29 

Gallons  per  pound— 1 

.137 

Highter  heating  value  per  pound.... 

B.  t.  u.. 

19,500 

I  Analyses  made  by  the  Engineering  Experiment  Station,  U.  S.  Naval  Academy,  Annapolis,  Md. 

METHODS  OF  TESTING 

In  the  first  edition  of  this  bulletin  the  performance  data  for  several 
burners  in  four,-  five-,  and  six-section  round  boilers  of  25-inch  diam- 
eter were  given.  Since  then  the  Bureau  of  Agricultural  Engineering- 
has  studied  the  performance  of  most  of  the  leading  burners  on  the 
market  in  several  typical  boilers  designed  originally  for  burning  coal. 
Performances  of  special  oil-burning  boilei-s  and  burner-boiler  units 
have  been  investigated  for  comparison  and  some  study  has  been  given 
to  economizing  devices  designed  to  improve  the  operation  of  boilers 
of  limited  flue  travel  and  lieat-absorbing  surface. 

In  all  the  tests  the  control  of  the  burners  was  manual,  automatic 
devices  being  omitted.  The  commendable  work  of  the  Underwriter's 
Laboratories  deals  with  the  safety  phase  of  oil-burning  equipment 
with  no  direct  concern  as  to  the  efficiency.  Safety  necessarily  in- 
volves the  proper  functioning  of  the  automatic  controls  and  limiting 
devices,  and  the  underwriters  apparently  have  dealt  thoroughly  with 
this  subject. 

The  specific  object  of  the  series  of  tests  reported  on  was  to  deter- 
mine the  thermal  efficiencies  to  be  realized  with  the  burners,  boilers, 
etc.,  under  various  conditions  of  operation.  The  thermal  efficiency  is 
the  proportion  of  the  heat  energy  of  the  fuel  which  is  transmitted  to 
the  heating  medium,  and  is  sometimes  referred  to  as  the  "over-all" 
efficiency.  The  thermal  efficiency  is  a  function  of  the  boiler  design  as 
w^ell  as  of  the  burner  design,  and  therefore  the  type  of  boiler  used 
must  be  taken  into  account. 

The  three  coal-burning  boilers  tested  were  of  American  Radiator 
Co.  manufacture.  One  was  a  20-inch,  four-section  Arco,  designated 
W-2004;  another  was  a  22-inch,  six-section  Arco,  designated  S-2206. 

33572°— 88 3 
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The  third  described  by  the  manufacturers  as  a  water-tube  type,  was 
a  rectangular  sectional  boiler  of  23-inch  width,  consisting  of  seven 
sections,  designated  S-230T.  These  boilers  represent  types  found  in 
a  large  percentage  of  the  plants  which  are  converted  to  oil  and  also 
in  new  installations  in  which  oil  burners  are  used. 

The  special  oil -burning  boiler  used  in  the  tests  was  of  cast-iron 
sectional  design,  used  as  standard  equipment  by  several  important 
burner  manufacturers.  The  boiler-burner  unit  reported  on  w^as  of 
steel  construction  and  included  the  so-called  tankless  scheme  for  the 
generation  of  hot  water. 

Principally,  the  tests  conducted  on  the  various  burners  were  of  a 
continuous  nature.  Some,  however,  were  intermittent  and  so  desig- 
nated on  the  log  sheets  presented.  In  the  continuous  tests  the  burner 
was  operated  for  a  sufficient  length  of  time  preceding  each  test  to 
insure  steady  conditions  before  readings  were  begun. 

In  the  intermittent  tests  the  burner  was  operated  as  follows:  1 
hour  on,  one-half  hour  off;  (me-half  hour  on,  1  hour  off;  one-fourth 
hour  on,  2  hours  off;  one-fourth  hour  on  (with  reading  continuing 
until  conditions  were  the  same  as  those  prevailing  at  the  beginning 
of  the  test). 

The  heat  absorption  was  determined  from  a  knowledge  of  the  tem- 
perature rise  of  a  known  quantity  of  water  passing  through  the 
boiler.  Thus  the  boiler  was  operated  as  a  Junker  calorimeter.  The 
readings  of  fuel  quantity,  draft,  and  temperatures  were  made  at  10- 
minute  intervals  or  less,  and  the  analysis  of  the  flue  gases  by  means 
of  the  ordinary  engineering  flue-gas  analyzer,  was  made  every  15 
minutes  of  burner  operation.  The  quantities  of  water  and  oil  w^ere 
measured  by  means  of  accurate  platform  scales  and  the  temperatures 
were  determined  by  means  of  mercury  thermometers. 

The  tests  were  planned  with  a  view  to  disclosing  the  operating 
characteristics  of  the  various  burners  in  the  boilers  used.  To  do  this 
the  fuel  rate  was  generally  varied  from  a  point  considerably  below  to 
a  point  considerably  alK)ve  the  boiler  rating.  Air-fuel  ratios  which 
would  prevail  in  good  practice  for  the  several  types  of  burners  w^ere 
generally  adhered  to  in  adjusting  the  burners  for  test.  Some  depar- 
ture from  this  setting  w^as  made  to  study  the  effect  of  higher  or  lower 
air-fuel  ratios.  From  these  data  the  curves  of  over-all  efficiency, 
flue-gas  temperature,  and  heating  effect  were  plotted  to  show  the 
effects  of  the  variables. 

DEVICES  FOR  IMPROVEMENT  OF  BOILER  EFFICIENCY 

Principally  because  many  oil  burners  have  been  installed  in  boilers 
originally  intended  for  coal  burning,  and  hence  not  very  efficient  for 
oil  burning,  several  economizing  devices  have  been  designed.  Some 
of  these  are  simple  and  inexpensive  to  install  while  others  are  some- 
what more  costly  and  more  difficult  of  installation.  Because  of  the 
importance  of  such  accessories,  representative  economizing  devices  of 
the  general  class  mentioned  were  studied. 

The  simplest  scheme,  and  one  used  since  early  in  domestic  oil- 
burner  history,  is  the  sheet-metal  baffle  pictured  in  figure  7.  In  this 
case  the  baffle  is  installed  in  the  flue  passages  of  a  small  round  cast- 
iron  boiler  having  a  rather  limited  secondary  heating  surface.     The 
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baffle,  Z>,  consists  of  an  annular  sheet  of  metal  resting  on  split  brick, 
a.  The  effect  of  the  baffle  is  principally  to  cause  the  products  of 
combustion  to  "scrub"  more  of  the  heat-absorbing  surface.  The  view 
shows  the  necessary  clearance  between  the  circumference  of  the  baffle 
and  the  boiler  wall  to  permit  passage  of  the  gases.  This  opening 
must  not  be  too  small  or  a  back  pressure  will  be  built  up  in  the 
combustion  chamber.     Such  an  installation  should  be  made  by  an 

experienced    man    with  

the  aid  of  a  draft  gage 
to  determine  the  draft 
in  the  combustion  cham- 
ber in  order  to  avoid 
excessive  back  pressure. 
The  gun-type,  retort  or 
pot-type,  and  the  yel- 
low-flame vertical-ro- 
tary  burner   can   with- 
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Figure  7. — Four-section  round 
boiler  siiowing  use  of  baffles  : 
a.  Split  brick  ;  b,  baffle. 


FiGi'UK  8. — Installation  of  S-type  baffle  in  a  sma 
round  boiler :  A,  Baffle  sections ;  li,  diagram  o 
baffles  in  position  in  furnace. 


stand  the  effects  of  more  baffling  than  can  the  blue-flame  vertical 
rotary.     This  form  of  baffle  is  referred  to  as  type  P. 

The  device  shown  in  figure  8  is  an  elaboration  of  the  baffle 
idea.  This  serves  not  only  to  increase  the  scrubbing  effect  as 
described  in  connection  with  the  type  P  baffle  (fig.  7)  but 
also  serves  to  "collect"  additional  heat  and  transmit  it  to  the  boiler 
heating  surface  to  which  the  economizer  is  fastened,  and  thence 
to  the  boiler  water.  The  use  of  such  a  device  is  shown  in  fig- 
ure 8  in  a  small  round  heating  boiler.  The  baffle  is  made  in  four 
sections  to  permit  installation.     Each  section  consists  of  a  base  plate 
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and  a  top  or  cover  plate.  The  base  plate  is  secured  to  the  flue  surface 
of  the  boiler  by  metallic  cement  of  high  thermal  conductivity.  The 
top  plate  makes  good  thermal  contact  with  the  bottom  one  through 
the  several  fins.  Thus  the  top  plate  gives  the  baffling  effect  illustrated 
in  figure  7  and  at  the  same  time  the  heat  "collected"  by  the  top  plate, 
fins,  and  bottom  plate  is  conducted  to  the  boiler  water,  thus  increas- 
ing the  effectiveness  of  the  surface  of  the  boiler  to  which  the  device 
is  attached.  This  type  of  economizing  device  will  be  referred  to  as 
type  S. 

Another  relatively  simple  scheme  used  in  an  attempt  to  step  up 
the  efficiencies  or  capacities  of  inadequate  boilers  is  the  familiar  de- 
vice shown  in  figure  9.  This  is  called  a  fire-pot  type  of  water  heater. 
When  placed  in  the  fire  pot  of  an 
oil-fired  boiler  and  piped  in  parallel 

with   the  boiler   itself   rather   than       /_ 

beino^  used  as  a  domestic  hot-water 


Figure  9. — ^Domestic  water-heating  unit  used       Figure    10. — Economizer   unit   providing 
as  boiler  booster.  additional  primary  heating  surface. 

generator,  the  device  serves  to  step  up  the  efficiency  to  some  degree 
as  will  be  shown  later.  This  type  of  economizer  will  be  referred  to 
as  type  W. 

Similar  in  principle  to  type  W,  but  specially  designed  for  the  pur- 
pose, is  the  economizing  device  shown  in  figure  10,  This  is  installed 
and  tied  in  with  the  boiler  in  a  fashion  similar  to  that  described 
above  but  the  heating  surface  is  greater  and  the  economizing  eff'e^ifc 
is  presumably  greater.     It  will  be  referred  to  as  type  F. 

Another  type  is  shown  in  figure  11.  Here  again  increased  heat- 
absorbing  surface  is  provided  in  the  form  of  castings  placed  in  the 
firebox  and  the  water-bearing  compartments  of  these  castings  are 
tied  in  parallel  with  the  boiler  proper,  thus  providing  additional  pri- 
mary heating  surface.  In  the  particular  economizer  tested  the  annu- 
lar portion  rests  on  the  top  of  the  combustion -chamber  w^alls  and  is 
piped  into  the  lower  portion  of  the  boiler.  The  annular  portion  is  in 
turn  fitted  with  a  hoodlike  casting  over  the  fire  and  from  the  top  of 
this  portion  a  circulating  line  connects  with  the  upper  portion  of  the 
boiler  as  shown  in  the  cut.    This  will  be  referred  to  as  type  V. 
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Still  another  well-known  combination  of  economizing^  devices  is 
shown  in  figure  12.  This  consists  of  tw^o  principal  parts :  (1)  A  water- 
containing  casting  lined  Avith  refractory  material  forming  a  combus- 
tion chamber  and  providing  additional  heat-absorbing  surface  Avhich 
is  tied  in  with  the  boiler  by  means  of  piping  as  shown.  This  gives 
additional  direct  heating  surface;  (2)  "fingers"  of  metal  cemented 
to  the  surface  of  the 
upper  flues,  as  shown, 
provide  additional 
indirect  heating  sur- 
face to  collect  heat 
and  transmit  it  to 
the  boiler  w^alls  and 
thence  to  the  water. 
These  two  compo- 
nents of  the  econo- 
mizing system  are 
not  connected  in  any 
way,  therefore  either 
may  be  employed 
without  the  other  if 
it  is  unnecessary  or 
impractical  to  use 
both.  This  will  be 
referred  to  as  type  H. 

Various  combina- 
tions of  the  above- 
described  devices  can 
be  employed.  For 
example,  type  P  with 
types  F  or  V ;  or  type 
S  with  type  F.  Such 
combinations  were 
made  in  the  tests  and 
the  performance  re- 
sults   are    presented 

i..^p-.  Figure    11. — Design    of    economizer    providing    additional 

^'^^*'^*  primary  lieating  surface. 


DISCUSSION  OF  RESULTS 

Tables  10  to  22  give  data  covering  a  large  portion  of  the  tests  of 
domestic  oil  burners  made  in  the  laboratories  of  the  Johns  Hopkins 
School  of  Engineering,  Baltimore,  Md.  The  tables  are  presented  for 
students  of  the  subject  of  domestic  oil  burning  interested  in  the  details 
of  the  performance  of  oil  burners  in  various  boilers.  However,  for 
the  purpose  of  simplification,  the  salient  results  of  the  laboratory 
studies  have  been  presented  more  conveniently  in  graphic  form  in 
figures  13  to  23.  For  the  discussion  of  test  results  reference  will  be 
made  to  the  graplis. 

The  comparison  of  test  results  is  on  the  basis  of  thermal  efficiency 
only.  In  selecting  a  burner  for  a  particular  installation  the  buyer 
would  need  to  consider  other  factors,  such  as  type  of  boiler,  grade 


22        TECHNICAL  BULLETIN  109,  U.  S.  DEPT.  OF  AGRICULTURE 


of  oil  burned,  and  amount  of  service  required.  The  writer  has 
already  presented  information  in  more  detail  on  this  point/  In 
the  tests  upon  which  the  graphs  in  figures  13  to  23  are  based  the 
burner  was  always  operated  long  enough  preceding  each  test  to  insure 
steady  conditions  before  readings  were  begun.    The  output  in  gross 

equivalent  square 
feet  of  steam  radia- 
tion at  any  given 
fuel  rate  is  equal  to 
the  fuel  rate  multi- 
plied by  the  calorific 
value  of  the  fuel  in 
British  thermal  units 
per  gallon,  multi- 
plied by  the  efficiency 
(expressed  as  a  dec- 
imal), and  divided 
by  240,  which  is  the 
number  of  British 
thermal  units  emitted 
in  1  hour  by  1  square 
foot  of  standing  cast- 
iron  steam  radiation. 
It  w^as  the  purpose 
in  the  presentation 
of  the  data  in  figures 
13  to  23  to  generalize 
as  much  as  feasible. 
Accordingly  per- 
formance data  are 
presented  for  repre- 
sentative burners  of 
good  design  for  eacli 
of  the  several  types 
of  burners.  The  dif- 
ference in  efficiencies 
of  any  of  the  better 
burners  of  a  given 
type  under  a  given 
set  of  operating  conditions  is  not  sufficient  to  be  of  practical  import- 
ance ;  for  that  reason  the  performance  graphs  in  figures  13  to  23  can 
be  regarded  as  typical  performances  of  good  equipment  of  the  several 
types  when  operated  under  the  specified  conditions.  In  the  case  of 
the  operation  of  the  vertical  rotary  burners  in  figures  13  and  16  rep- 
resenting performances  in  a  six-section  22-inch  round  type  and  in  a 
seven -section  23-inch  water-tube  type,  respectively,  the  performances 
of  the  blue-flame  vertical-rotary  and  the  yellow-flame  atomizing  types 
of  burners  were  so  nearly  alike  that  for  simplicity  they  were  averaged 
and  presented  merely  as  performance  for  a  vertical-rotary  burner. 
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Figure  12. — Economizer  providing  additional  primary  and 
secondary  lieatin,tr  surface. 


"^  Srnnrr,  a.  H.     See  footnote  1. 
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Figures  22  and  23  indicate  the  performances  of  the  various  econ- 
omizer schemes  described  on  pages  18  to  21.  The  reference  letters  are 
those  used  in  classifying  the  various  devices  and  in  labelling  the  test 
points  and  graphs  in  figures  22  and  23,  The  carbon  dioxide  content 
of  the  flue  gases  for  each  of  the  individual  test  points  and  graphs 
is  also  shown  in  figures  22  and  23. 

Table  10. — Log  of  test  data  for  vertieal-rotanj,  yellow-flame  atomizing  hiimer  G 
^  [Fuel  oil  No.  2] 

BOILER  S-2206 


Date 
of  test 

Fuel 

burned 

per 

hour 

Draft 
at  base 
of  flue 

Room 
tem- 
pera- 
ture 

Stack 
tem- 
pera- 
ture 

C02by 
volume 

C2H4 
by  vol- 
ume 

Oiby 
vol- 
ume 

Haby 
vol- 
ume 

CO  by 
vol- 
ume 

by  vol- 
ume 

N2by 
vol- 
ume 

Ther- 
mal 
effi- 
ciency 

19S0 
Dec.  10 
10 

11 

12 
12 

Gallons 
1.57 
1.13 
1.90 
1.26 
1.79 

Inches 
of  water 
0.046 
.047 
.050 
.037 
.045 

60 
61 
62 
61 
60 

°F. 
453 
366 
485 
409 
478 

Percent 
11.20 
10.80 
13.00 
11.10 
12.80 

Percent 

Per- 
cent 
5.40 
6.10 
3.70 
6.20 
3.00 

Per- 
cent 

"o.'i2' 

Per- 
cent 
0.50 
.31 
.20 
.20 
.30 

Per- 
cent 

"o.oo" 

Per- 
cent 
82.90 
82.61 
83.10 
82.50 
83.90 

Per- 
cent 
76.4 

77.2 
75.8 
76.9 
76.9 

BOILER  S-2307 


Dec.  17 

1.94 
1.34 
2.59 
1.79 

0.020 
.020 
.017 
.017 

48 
46 
54 
56 

457 
384 
565 
490 

13.40 
13.30 
13.10 
11.20 

2.50 
2.20 
3.00 
5.00 

84.10 
83.80 
83.90 
83.60 

75  8 

17 
19 
19 

0.70 
.00 
.20 

78.2 
72.9 

75.8 

Note.— Burner  operated  until  equilibrium  was  established. 


Table  11. — Log  of  test  data  for  pt'essttre 
[Fuel  oil  No.  2] 
BOILER  S-2206 


tomizing  burner  H 


Date  of 
test 

Fuel 

burned 

per 

hour 

Draft 
at  base 

Room 
temper- 

Stack 
temper- 

CO2 

by 

C2H4 

by 

O2 
byvol- 

by  vol- 

CO 
by  vol- 

CH4 

by  vol- 

N2 
by  vol- 

Ther- 
mal 
effi- 
ciency 

of  flue 

ature 

ature 

volume 

volume 

ume 

ume 

ume 

ume 

ume 

Inches 

Per- 

Per- 

Per- 

Per- 

Per- 

Per- 

1933 

Gallons 

ofwater 

°F. 

°F. 

Percent 

Percent 

cent 

cent 

cent 

cent 

cent 

cent 

Sept.  19 

1.80 

0.010 

77 

550 

10.20 

0.05 

7.30 

0.05 

0.10 

0.05 

82.25 

65.2 

20 

1.25 

.010 

77 

458 

9.60 

.05 

7.65 

.05 

.10 

.10 

82.55 

66.5 

20 

1.28 

.010 

84 

481 

9.15 

.05 

7.15 

.05 

.10 

.10 

83.40 

67.9 

20 

1.06 

.010 

82 

436 

9.55 

.10 

7.80 

.10 

.10 

.10 

82.25 

7L3 

BOILER  S-2307 


Sept.  28 
29 


1.18 
1.55 


0.033 
.037 


373 
437 


9.25 
9.65 


0.05 
.10 


8.30 
7.35 


0.10 
.15 


0.15 
.20 


0.05 
.10 


82.10 
82.45 


71.8 
74.2 


Note.— Burner  operated  until  equilibrium  was  established. 
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Table  12, — Log  of  test  data  for  retort-type  burner  J 
[Fuel  oil  No.  2] 
BOILER   S-2206 


Fuel 
burned 
per  hour 

Draft 

Room 
tempera- 
ture 

Stack 
tempera- 
ture 

COzby 
volume 

Thermal 
efficiency 

Date  of  test 

Base  of 
flue 

Over  fire 

Remarks' 

193  A 
Sept.  5 

Gallons 
1.28 
1.27 
1.16 
1.71 
1.65 
1.76 
I.  70 
1.37 
1.38 
1.40 
1.30 
1.58 
1.52 
1.49 
1.55 
1.44. 
1.40 
1.33 
1.49 
]  31 
1.  .4 
1.40 
1.51 
1.58 
1.59 
1.65 

Inches  of 
water 
0.023 
.010 
.012 
.015 
.021 
.020 
.038 
.030 
.011 
.012 
.035 
.042 
.017 
.020 
.012 
.009 
.008 
.010 
.003 
.028 
.023 
.020 
.022 
.028 
.026 
.028 

Inches  of 
water 

''F. 

°F. 
478 
471 

Percent 
10.2 
11.3 
10.4 
14.0 
12.8 
14.2 
13.1 
10.8 
10.3 
8.8 
10.9 
11.0 
11.8 
11.3 
13.8 
11.9 
12.4 
11.5 
11.2 
10.8 
12.7 
14.1 
14.2 
11.4 
13.1 
1.1.7 

Percent 
72.2 
71.3 
67.9 
68.3 
71.3 
70.6 
68.3 
67.9 
66.2 
65.6 
66.7 
66.2 
66.2 
68.6 
70.5 
69.5 
70.5 
68.4 
66.8 

7l".5 
72.2 
71.6 
68.6 
69.5 
69.3 

Sept.  17 

Sept.  18     - 

0.022 
.023 
.022 
.031 
.027 
.047 
.040 
.018 
.015 
.043 
.049 
.020 
.026 
.023 
.020 
.018 
.022 
.013 
.021 
+.040 
+.030 
.003 
+.020 
+.010 
.019 

70.0 
70.0 

a,  c. 
b  c 

Sept.  19 

553 

Sept.  20 

70.0 

b,  c. 

Sept.  24 

527 

Sept. 25 

78.0 
81.0 
81.0 
81.0 
75.0 
71.0 
83.0 
83.0 
84.0 
84.0 
82.0 
76.0 
75.5 
71.0 
77.0 
81.0 
81.0 
86.0 
86.3 
83.0 

b,  c 

Sept.  26 

Oct  16 

494 
538 

a,  c. 
a  d 

Oct.  17  --          

b,  d 

Oct.  25 

539 
598 
600 
563 
549 
540 

a  d 

Oct.  29 

a,  d. 

Nov.  5 

Do 

Do 

Do 

a,  d. 
a,  d. 
a,  d. 
a,  c 

Nov.  7 

b,  c. 

Nov.  12 

522 
565 
445 
447 
460 
495 
546 
525 
500 

a,  e 

Do..        -.     -. 

Do 

Nov.  13 

a,  e,  f. 

Nov.  19-  - 

Do 

a,  c,f 

Do  . 

Do 

a,  e 

Do-. 

a,  e,  f. 

BOILER  S-2206 


Do- 
Do. 
Nov.  20 
Nov.  21 


1.63 
1.63 
1.60 
1.65 


025 
020 
,021 
023 


.016 
.015 
.017 
.032 


83.0 
82.0 
85.0 
84.0 


499 
490 
596 


11.5 
11.9 
12.5 
12.4 


69.6 
73.9 
74.8 
71.8 


a,  e,  f. 
a,  e,f,  g. 
a,  c,  f,  g. 
a,  c,  g. 


BOILER  S-2307 


Dec.  27 

1.44 

1.38 
1.66 
1.84 
1.82 
1.33 
1.  11 
1.14 

0.034 

.025 

.005 

.029 

+.005 

.005 

+.038 

+.028 

0.036 

.028 

.007 

.030 

+.010 

.008 

+.022 

+.023 

71.0 

75.0 

79.0 

68.0 

69.0 

73 

61 

63 

427 

387 
396 
465 

9.4 

11.0 
12.7 
12.6 
13.0 
10.0 
11.3 
11.8 

74.8 

78.1 
79.4 
76.7 
76.1 
78.1 
78.1 
78.6 

a,  c. 

19S5 
Jan.  7 

a,  c. 

Jan. 9 

a,  c. 

Jan.  15 -. 

Jan. 17 

a,  c. 

b,  c. 

Jan. 22  . 

360 
346 
333 

a,  d. 

Jan. 28 

a,  c 

Jan. 30  

a,  e 

BOILER  W-2004 


Apr.  29 

1.08 
.99 
.95 
.97 
.93 

0.065 
.025 
.024 
.021 
.024 

0.021 
.024 
.025 
.014 
.027 

78 
79 
79 
70 
69 

650 
826 
800 
603 

782 

10.4 
9.7 
10.3 
10.6 
10.0 

67.2 
59.1 
60.8 
70.8 
61.8 

a,  d,  f. 

Do 

a,  d. 

Do 

a,  c. 

May  1 

a,  c,  f,  g. 

Do 

a.  c,  g. 

1  a=Continuous  operation;  b= intermittent  operation;  c=original  distributor:  d=new  distributor;  e=new 
short  distributor;  f=with  type  P  economizer;  g  =  deck  installed. 

Note.— Burner  operated  until  equilibrium  was  established,  except  during  intermittent  runs. 
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Table  13. — Log  of  test  data  for  pressure-atomizing  burner  K 

[No.  2  fuel  oil  used  for  first  5  tests;  No.  3  for  remainder] 
BOILER  W-2004 


Fuel 
burned 
per  hour 

Draft 

Room 
tempera- 
ture 

Stack 
tempera- 
ture 

COjby 
volume 

Thermal 
efficiency 

Oil  pres- 
sure per 
square 
inch  gage 

Date  of  test 

Base  of 
flue 

Over 
fire 

Remarks  i 

W34 
Sept.  27 

Gallons 
1.59 
1.74 
1.82 
1.93 
1.97 
1.96 
1.09 
1.07 
1.46 
1.45 
1.61 

1.62 
1.66 
1.72 
1.83 
1.33 

Inches  of 
water 
0.070 
.075 
.070 
.075 
.078 
.079 
.059 
.052 
.074 
.070 
.071 

.055 
.052 
.059 
.057 
.041 

Inches  of 
water 
0.041 
.022 
.033 
.022 
.026 
.029 
.042 
.038 
.040 
.043 
.042 

.021 
.021 
.021 
.017 
.023 

80.0 
80.0 
72.0 
73.0 
72.0 
76.0 
73.0 
72.0 
75.0 
76.0 
76.0 

73.0 
72.0 
75.0 
72.0 
70.0 

°F. 

778 
845 

Percent 
10.7 
10.1 
10.2 
10.7 
10.3 
10.8 
10.3 
10.1 
10.6 
9.6 
10.8 

10.1 
10.4 
11.0 
10.7 
10.8 

Percent 
68.0 
66.3 
65.2 
65.0 
65.3 
65.1 
67.8 
66.5 
64.2 
63.9 
65.6 

68.7 
68.6 
68.1 
69.6 
72.5 

Pounds 
102 
123 
125 
150 
145 
152 
100 
102 
110 
111 
150 

150 
150 
150 
150 
150 

a,  c. 

Do 

a,  c. 

Oct.  1 

b,  c. 

Do 

Oct.  2. 

888 

a,  c. 

b,  c. 

Oct.  3 

902 
669 

a,  c. 

Oct. 4 -. 

a,  c. 

Oct.  5 

b,  c. 

Oct. 8 

706 
659 
685 

613 

a,  c. 

Oct.  9 

a,  c. 

Do 

a,  c. 

WS5 
Jan.  8 .-  -- 

a,  c. 

Jan.  9 

b,  c. 

Jan. 11 

635 

a,  c. 

Jan. 18.    . 

b,  c. 

Jan. 23 

b,  c. 

•  a=Continuous  operation;  b  =  intermittent  operation;  c=with  type  H  economizer. 

Note.— Burner  operated  until  equilibrium  was  established,  except  during  intermittent  runs. 

Table  14. — Log  of  test  data  for  vertical-rotary  atomizing  burner  L 

BOILER   S-2307 


Kind  of 
fuel 

Fuel 

burned 

per 

hour 

Draft 

Room 
temper- 
ature 

Stack 
temper- 
ature 

COaby 
volume 

Thermal 
effi- 
ciency 

Date  of  test 

Base  of 
flue 

Over 
fire 

Remarks  i 

1934 
Oct  18 

Ino.  2.. 

Gallons 
{      1.47 
1       1.82 
i       2.03 
I      2.28 

Inches  of 

water 

0.033 

.038 

.038 

.036 

Inches  oj 

water 

0.042 

.048 

.044 

.039 

82 
82 
83 
83 

423 

468 
50T 
533 

Percent 
12.3 
13.2 
13.9 
13.9 

Percent 
77.2 
77.3 
76.1 
75.3 

a. 

Do - 

Do — 

Do - 

a. 

BOILER   W-2004 


Oct.  19. 

Do. 

Do. 

Do. 
Oct.  20. 
Oct.  23- 
Oct.  24. 
Oct.  29. 
Nov.  2. 

Do. 
Nov.  7- 
Nov.  9- 


}No.  2.. 

r    1.56 

I      1.56 

0.047 

0.054 

72 

908 

13.6 

63.3 

.043 

.033 

72 

710 

13.7 

71.1 

1       2.14 

.067 

+.020 

73 

891 

11.6 

63.2 

1.90 

.085 

.014 

74 

850 

10.8 

63.2 

•No.  3.. 

•        1.39 

.049 

.030 

74 

709 

11.3 

67.6 

1.68 

.059 

.013 

77 

797 

11.1 

65.1 

No.  4.. 

I      1.68 
1.66 

.058 
.078 

.009 
.022 

76 
67 

10.9 
10.5 

66.6 
63.7 

805 

1.52 

.069 

.025 

76 

9.7 

64.7 

No.  3.. 

1.34 

.036 

.038 

76 

893 

10.4 

57.2 

1.43 

.063 

.063 

81 

922 

10.7 

56.6 

I       1.42 

.067 

.064 

76 

9.9 

57.1 

a. 

a,  c. 
a,  c. 
a,  c. 
a,  c. 
a,  c. 
b,c. 

a,  c. 

b,  c. 
a. 

a. 
b. 


'  a  =  Continuous  operation;  b=intermittent  operation;  c=with  type  P  economizer. 

Note. — Burner   operated   until   equilibrium  was  established,    except  during  intermittent 
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Table  15. — Log  of  test  data  for  vertical-rotary  Uue-flame  burner  M 
[Fuel  oil  No.  2] 
BOILER  W-2004 


Date  of  test 


19S4 

Nov.  12 

Nov.  14 

Nov.  15 

Do 

Nov.  16 

Do 

Nov.  28 

Do 

Nov.  29 

Nov.  30 

Do 

Do 

Dec.  3 

Do 

Dec.  6 

Do 

Do 

Dec.  7 

Dec.  10 

Dec.  12 

Dec.  13 

Do 

Do 

Dec.  14 

Dec.  17 

Dec.  21 


Fuel 
burned 
per  hour 


Gallons 
1.19 
1.27 
1.62 
1.40 
1.41 
1.12 
1.00 
1.02 
1.00 
1.61 
1.60 
1.92 
1.90 
1.05 
1.02 
1.02 
1.13 
1.20 
1.37 
1.40 
1.07 
1.06 
1.07 
1.05 
1.06 
1.05 


Draft 


Base  of 
flue 


Inches 
of  water 
0.046 
.063 
.069 
.054 
.052 
.046 
.045 


.071 
.068 
.100 
.097 
.050 
.055 
.064 
.066 
.071 
.064 
.066 
.070 
.064 
.059 
.051 
.049 
.052 


Over  fire 


Inches 
of  water 
0.057 
.072 
.070 
.059 
.077 
.055 
.056 
.029 
.023 
.013 
.011 
.009 
.002 
.035 
.036 
.074 
.075 
.077 


.074 
.072 
.072 
.024 
.024 
.027 


Room 
tempera- 
ture 


'F. 
75.0 
72.0 
75.0 
73.0 
73.0 
75.0 
81.0 
87.0 
77.0 
75.0 
74.0 
73.0 

74!  0 

71.0 
72.0 
73.0 
69.0 
65.0 
66.0 
67.0 
71.0 
71.0 
71.0 
76.0 
73.0 


Stack 

tempera- 

tuie 


758 


931 
873 


754 


764 
833 
"607 


736 

786 


919 


848 
773 
575 
573 
555 


COzby 
volume 


Percent 
11.9 
11.3 
11.1 
11.0 
10.9 
11.1 
10.8 
11.1 
11.1 
12.2 
12.1 
12.5 
12.0 
10.9 
10.3 
11.2 
10.9 
10.7 
11.2 
11.2 
12.5 
13.2 
13.1 
12.3 
12.4 
11.5 


Thermal 
efficiency 


Percent 
64.3 
67.3 
58.4 
59.8 
62.4 
63.5 
68.9 
70.9 
74.4 
67.5 
69.1 
65.  1 
63.3 
68.0 
69.1 
64.3 
61.5 
60.4 
61.2 
57.8 
64.3 
64.8 
66.2 
71.9 
71.7 
70.7 


Remarks  ' 


a,  c. 

b,  c. 
a,  c. 

a,  c. 

b,  c. 

a,  c. 

b,  c. 

a,  c,  d. 

b,  c,  d. 

a,  c,  d. 

b.  c,  d. 

a,  c,  d. 

b,  c,  d. 

a,  c,  d. 

b,  c,  d. 
a,  c. 

a,  c. 

b,  c. 

a,  c. 

b,  c. 
b,  c. 
a.  e. 
a,  c. 

a,  c,  d. 

a,  c,  d. 

b,  c,  d. 


1  a=  Continuous  operation;  b  =  intermittent  operation;  c=standard  refractory  (tile  segments);  d  =  with 
type  P  economizer;  e= standard  refractory  plus  grids. 

Note.— Burner  operated  until  equilibrium  was  established,  except  during  intermittent  runs. 


Table  16. — Log  of  test  data  for  pressure-atomizing   burner  N 
[Fuel  oil  No.   3] 


Date  of 
test 

Boii3r 

Fuel 
burned 
per  hour 

Draft 

Room 
temper- 
ature 

Stack 
temper- 
ature 

COzby 
volume 

Thermal 

effi- 
ciency 

Oil  pres- 
sure per 
square 
inch  gage 

Base  of 
flue 

Over 
fire 

Remarks  1 

19S5 
Mar.  14 
28 
28 
28 
28 
29 
Apr.     5 

S-2307 

Gallons 
I      2.00 
2.04 
2.04 
2.24 
1.84 
2.68 
1.87 

Inches  of 
water 
0.049 
.045 
.016 
.038 
.030 
.032 
.038 

Inches  of 
water 
0.043 
.040 
.009 
.030 
.029 
.027 
.037 

°F. 
71 
71 
71 
66 
67 
75 
75 

°F. 
530 
534 
535 
562 
491 
594 
495 

Percent 
10.1 
10.1 
10.2 
10.2 
10.2 
12.2 
10.8 

Percent 
72  1 
70.5 
71.1 
69.5 
72.1 
71.7 
71.0 

Pounds 
100 
100 
100 
110 
115 
115 
120 

a. 
a. 
a. 
a. 
a. 
a. 
a. 

[Fuel  oil  No.  2] 


Apr.     6 

f      1.86 

0.  037 

0.035 

76. 

514 

10.4 

70.9 

120 

a. 

8 

S-2307 

1.66 

.033 

.034 

64 

488 

9.8 

70.0 

150 

a. 

8 

1.33 

.040 

.039 

64 

435 

9.8 

74.5 

100 

a. 

9 

1.72 

.042 

.040 

60 

511 

9.8 

69.1 

100 

a. 

10 

1.76 

.011 

.016 

74 

573 

11.0 

66.1 

120 

a. 

10 

1.40 

.018 

.027 

74 

506 

11.6 

67.9 

100 

a. 

10 

1.25 

+.001 

.005 

74 

466 

12.1 

69.3 

80 

a. 

11 

S-2206 

1.26 

.011 

.021 

80 

508 

10.0 

67.5 

80 

a. 

11 

1.42 

.021 

.030 

80 

548 

10.0 

64.6 

100 

a. 

16 

1 

1.30 
1.61 
1.26 

.004 
.011 
.033 

68 
68 
69 

438 
483 
547 

12.2 
12.2 
11.8 

68.9 
70.2 
65.0 

102 
102 
80 

a,  d. 

16 

a,  d. 

16 

.000 

a,  e,  f. 

16 

lW-2004 

{       1.24 

.035 

.000 

69 

555 

11.8 

67.0 

80 

a,  e.  f. 

16 

1 

1.25 

.026 

.000 

69 

556 

12.2 

67.1 

80 

a,  e,  f. 

1  a=  Continuous  operation;  d=with  type  W  economizer;  e—with  type  P  economizer;  f=with  type  V 
economizer. 

Note.— Burner  operated  until  equilibrium  was  astablishe<l. 
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Table  17. — Log  of  test  data  for  vertical-rotary,  blue-flame  burner  O,  Boiler  8-2206 

[Fuel  oil  No.  2] 


Fuel 
burned 
per  hour 

Draft 

Room 
temper- 
ature 

Stack 
temper- 
ature 

C02by 
volume 

Thermal 
eflBciency 

Date  of  tftst 

Base  of 
flue 

Over  fire 

Remarks  ' 

1935 
Mar.  24 

Do 

Gallons 
1.25 
1.62 
1.59 
1.59 
2.33 
1.44 

Inches  of 
wattr 
0.042 
.040 
.001 
.024 
.020 
.018 

Inches  of 
water 
0.057 
.052 
.008 
.034 
.025 
.030 

°F.  . 
72.0 
71.0 
73.0 
73.0 
65.0 
67.  0 

°F. 
430 
528 
529 
519 
654 
481 

Percent 
12.8 
12.0 
11.7 
12.8 
13.2 
14.1 

Percent 

75.5 
73.5 
73.2 
75.3 
70.8 
75.5 

a,  c,  f. 

9     C    f 

Do 

Do 

a,  c,  f. 
a,  c,  f 

Mar.  25 

Do       

a.  c,  f. 

1  a= Continuous  oi)eration;  c= metal  hearth  segments;  f=with  grills. 
Note. — Burner  operated  until  equilibrium  was  established. 

Table  18. — Imq  of  test  data  for  vertical-rotary,  blue-flame  burner  P,  boiler  8-2W6 

[Fuel  oil  No.  2] 


Fuel 
burned 
per  hour 

Draft 

Room 
tempera- 
ture 

Stack 
tempera- 
ture 

CO,  by 
volume 

Thermal 
eflBciency 

Date  of  test 

Base  of 
flue 

Over 
flre 

Remarks ' 

1935 
.Mar.  18.— 

Gallons 
1.48 
1.47 
1.49 
1.66 

Inches  of 

water 

0.023 

.038 

.038 

.038 

Inches  of 
water 
0.036 
.055 

°  F. 
77.0 
73.0 
73.0 
77.0 

539 
489 
516 
528 

Percent 
11.6 
13,6 
14.8 
14.6 

Percent 
73.5 
76.2 
74.6 
76.7 

e,  d. 

Mar.  19 

c  e 

Do 

Do 

.048 

c.  d.e,  f. 

1  0= Cast-iron  segments;  d= metal  grids;  e= hearth  pad;  f= extended-blade  fan. 
Note. — Burner  operated  until  equilibrium  was  established. 

Table  19. — Loy  of  test  data  for  pressure-atomizing  burner  R 
[No.  3  fuel  oil  used  with  first  2  tests;  No.  2  with  remainder] 


Fuel 

Draft 

Room 

Stack 

Ther- 

Oil pres- 

Date of 

burned 

tem- 

tem- 

COjby 

mal 

sure  per 

Remarks ' 

test 

per 

Base  of 
flue 

Over 
fire 

per- 

per- 

volume 

effi- 

square 

hour 

ature 

ature 

ciency 

inch 

Inches  of 

Inches  of 

1935 

Gallons 

water 

water 

°  F. 

o  p 

Percent 

Percent 

Pounds 

Apr.     1 

W-2004 

(      1.42 
\      1.36 

0.048 

0.028 

lb 

785 

8.7 

54.6 

125 

c. 

5 

.068 

.050 

73 

730 

8.1 

57  3 

125 

c. 

12 

}  S-2307 

1.33 

.043 

.047 

74 

426 

10.2 

12.  b 

103 

12 

1.56 

.048 

.048 

75 

481 

9.8 

12.  b 

155 

12 

1.30 

.053 

.000 

74 

525 

9.6 

69.9 

100 

c.  d. 

14 

1.26 

.054 

.015 

81 

545 

10.0 

69.3 

105 

c,  d. 

16 

1.28 

.056 

.043 

72 

725 

9.7 

6L4 

104 

c. 

23 

W-2004 

1.27 
1.35 

.060 

.022 

73 

594 

8.7 

66.2 

100 

c.  d. 

24 

.063 

.021 

75 

746 

9.7 

61.4 

100 

d. 

24 

1.33 

.069 

.059 

74 

881 

9.7 

54.4 

100 

26 

1.35 

.030 

.022 

76 

910 

9.8 

52.4 

100 

26 

\      1.33 

.067 

.014 

75 

758 

9.8 

59.2 

100 

e. 

'  c=with  type  F  economizer;  d=with  type  S  economizer;  e=with  type  P  economizer. 
Note. — Burner  operated  until  equilibrium  was  established. 
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Table  liO. — Log  of  test  data  for  prcHHurc-atonuzbuj  Imrner  H 
[Fuel  oil  No.  2] 
BOILfiR  S-2206 


Date  of  test 


Fuel 
burned 
per  hour 


Draft 


Base  of 
flue 


Over  fire 


Room 
temper- 
ature 


Stack 
temper- 
ature 


CO2  by 

Thermal 

volume 

efficiency 

Percent 

Percent 

13.6 

65.0 

13.6 

66.2 

11.2 

62.9 

11.6 

64.2 

13.  5 

68.8 

10.5 

65.4 

11.1 

66.5 

Oil  pres- 
sure per 
square- 
inch 


1935 
Nov.  18 

Do 

Nov.  19 

Nov.  20 

Do 

Nov.  21 

Nov.  22 


Gallons 
2.31 
2.02 
1.91 
2.35 
1.59 
1.58 
1.57 


Inches  of 
water 
0.036 
.047 
.048 
.051 
.058 
.048 
.000 


Mches  of 
water 
0.034 
.051 
.049 
.041 
.065 
.053 
.008 


66 


705 
646 
665 
704 
539 
590 
580 


Pounds 
102 
102 
102 
102 
102 
102 
102 


BOILER  S-2307 


Dec.  30 

1936 

Jan. 1 

Jan. 2 

Jan. 3 

Jan. 9 

Jan.  10 

Jan. 13 


1.38 
1.60 
1.50 
1.97 
1.60 
1.89 


.049 
.049 
.051 
.050 
.051 
.051 


0.053 

.055 
.053 
.057 
.052 
.054 
.058 


395 
439 
440 
523 
468 


n.o 

12.3 
12.4 
11.0 
11.0 
10.9 
12.5 


76.0 

74.8 
74.3 
74.8 
72.9 
73.7 
74.0 


101 
102 
101 
100 
101 
100 


Note.— Burner  operated  until  equilibrium  was  established. 

Table  21. — Log  of  test  data  for  presmire-atomlzing  burner  T,  hotter  8-2206 

[Fuel  oil  No.  2] 


Date  of  test 

Fuel 
burned 
per  hour 

Draft 

Room 
tempera- 
ture 

Stack 
tempera- 
ture 

COzby 
volume 

Thermal 
efficiency 

Oil 
pressure, 

Base  of 
flue 

Over  fire 

per 
square- 
inch 

1936 
Nov.  8 

Gallons 

1.70 
1.67 
2.10 
1.59 

Inches  of 

water 

0.040 

.030 

.030 

.030 

Inches  of 

water 

0.045 

.035 

.030 

.035 

°F. 
70 
70 
67 
63 

°F. 
635 
670 

728 
621 

Percent 
11.6 
10.0 
11.2 
10.9 

Percent 
65.3 
61.9 
61.2 
65.7 

Pounds 
100 

Nov.  14 

Do..-- 

Nov.  15 

100 
100 
100 

Note.— Burner  operated  until  equilibrium  was  established. 


Table  22. — Log  of  test  data  for  hoiler-hurner  unit   U 
[Fuel  oil  No.  2] 


Boiler 

Fuel 

burned 

per 

hour 

Draft 

Room 
tem- 
pera- 
ture 

Stack 
tem- 
pera- 
ture 

CO2 
by  vol- 
ume 

Equiva- 
lent evap- 
oration 
steam/oil 
from  and 
at212°F. 

Ther- 
mal 
effi- 
ciency 

Equiv- 
alent 
output 
of  steam 
radiation 
(gross)  1 

Oil 
pres- 
sure per 
square 
inch 
gage 

Date  of 

test 

Base  of 
flue 

Over 
fire 

1935 
June  3 
3 
4 
4 
4 
5 
5 
5 
6 
6 

1,200 

1,200 

600 

600 

600 

1,200 

1.200 

1,  200 

600 

1,200 

Gallons 
2.49 
2.47 
1.43 
1.60 
1.32 
3.32 
2.82 
2.48 
1.01 
1.87 

Inches 
of  water 
0.057 
.051 
.053 
.059 
.052 
.071 
.061 
.051 
.048 

;045 

Inches 

of  water 

0.042 

""."034' 
.036 
.034 
.031 
.031 

'"."629' 
.020 

°F. 
79 
77 
83 
81 
79 
80 
80 
81 
80 
79 

°F. 
379 
344 
375 
415 
377 
469 
413 
366 
292 
288 

Percent 
10.5 
12.6 
9.5 
9.6 
9.4 
11.2 
11.8 
11.6 
8.2 
11.1 

Pounds 
per  pound 
16.7 
17.3 
16.6 
16.1 
16.5 
16.4 
16.7 
16.9 
16.7 
17.6 

Percent 
81.8 
85.0 
81.8 
79.5 
81.6 
80.6 
82.1 
83.2 
82.0 
86.4 

Square 

feet 

1,161 

1,198 

678 

734 

627 

1,488 

1,324 

1,181 

472 

923 

Pounds 

80 
110 

1  240  B.  t.  u.  per  square  foot  of  steam  radiation  per  hour. 
Note.— Burner  operated  until  equilibrium  was  established. 
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Figure   13. — Performance  of  vertical-rotary  burner  in  a  six-section  22-inch   round  boiler. 


^    q>  Q) 


Efffc 

^ 

r 



90 

80 

fS^l    70 
60 
700 

if  »  600 

i  «>  t. 

^  ll'soo 

400 

800 

III  700 

■|l|600 

«o  ^  :a 
JO  o  o 

^^v^500 
Co  '' 

400 

1.2     1.3      1.4     1.5      1.6      1.7     1.8 

Fuel  consumed   (gallons  per  hour) 

Figure    ]4. — Performance   of    retort-type    in    a    six-section    22-inch    round    boiler    at    12.1 
percent  average  carbon  dioxide. 


■—  '■ 

F\ue- 

g^ 

empe 

r^ 

e 

30        TECHNICAL  BULLETIN  109,  U.  S.  DEPT.  OF  AGRICULTURE 


90 
^^^    80 

t;    q,  1, 

60 


tlf  I  ("lori^* 

""""" 

■*•"*'/ 

^700 

2  600 

I"  500 


400 
800 

|S|600 
to  5  :3 

400 


f\ue- 

galisESP^^ 

)^ 

k^       ^ 

^ 

^ 

( 

1.2     1.3      1.4     1.5      1.6      1.7     1.8 
Fuel  consumed    (gallons  per  hour) 


1.9 


Figure    15. 


-Performance    of   pressure-atomizing    (gun)    burner    in    a    six-section    22-inch 
round  boiler  at  11  percent  average  carbon  dioxide. 
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Figure    16. — Performance    of   vertical-rotary   burner   in    a    seven-section    23-inch   water- 
tube  boiler. 
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Figure    17. — Performance   of   retort-type    burner    in   a    seven-section   23-inch   water-tube 
boiler  at  11.8  percent  average  carbon  dioxide. 
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-Performance  of  pressure-atomizing   (gun)   burner  in  a  seven-section  2.S-inch 
water-tube  boiler  at  11  percent  average  carbon  dioxide. 
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Figure   19. 


-Performances  of  a,  Retort ;  6,  gun ;  and   c,  blue-flame  rotary  burners  in 
four-section  20-inch  round  boiler. 
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-Performance  of  vertical-rotary  burner  in  a  special  cast-iron  oil-burning  boiler 
at  12.7  percent  average  carbon  dioxide. 
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FiGURK  21. — Performance  of  modern  steel  boiler-burner  unit,  fired  by  a  pressure-atomizing 
(gun)  burner  at  9.2  percent  average  carbon  dioxide. 
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Figure  22. — Performances  of  gun-type  burners  in  a  six-section  22-inch  round  boiler 
with  the  following  economizing  devices :  a,  Type  P;  6,  types  V  and  P ;  c,  type  W. 
All  at  approximately  12  percent  carbon  dioxide. 
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Figure  23. — Performances  in  a  four-section,  20-inch  round  boiler  with  the  following 
burners  and  economizing  devices :  a,  Retort-type  10.6  percent  CO2,  P  economizer ; 
6,  gun-type,  11.9  percent  CO2,  P  and  V  economizers;  c,  gun-type  (two  tests),  9.8  per- 
cent CO2,  F  and  S  economizers ;  d,  gun-type,  9.8  percent  CO2,  P  economizer ;  e,  gun- 
type  9.7  percent  CO2,  S  economizer;  f,  gun-type  (two  tests),  10.2  percent  CO2,  fire-box 
portion  only  of  type  H;  g,  gun-type,  10.5  percent  CO2,  H  economizer;  h,  blue-flame 
vertical-rotary,  12.1  percent  CO2,  P  economizer. 

EFFICIENCIES 

The  curves  of  efficiency  in  figures  13-23,  are  either  concave  down- 
ward or  straight  lines  within  the  range  of  fuel  rates  shown.  In  all 
cases,  except  perhaps  the  four-section  20-inch  boiler,  the  efficiency 
graph  slopes  downward  gradually,  as  the  fuel  rate  increases.  Thus 
the  boilers  and  burners  may,  in  general,  be  said  to  have  flat  efficiency 
characteristics.  The  efficiencies  recorded  are  for  relatively  good  con- 
ditions of  operation  but  since  we  are  interested  principally  in  com- 
parisons between  the  several  types  of  burners  such  conditions  are 
equally  advantageous  to  all  types  concerned. 

The  effects  on  the  efficiencies  of  the  two  round  boilers  (the  six-sec- 
tion 22-inch  and  the  four-section  20-inch)  of  the  use  of  various  econ- 
omizing devices  as  depicted  in  figures  22  and  23  are  particularly 
interesting  to  the  practical  oil-burner  man.  The  economizers  studied 
were  the  types  in  most  common  use  at  the  time  of  writing. 

FLUE-GAS  TEMPERATURE 

To  produce  high  over-all  efficiencies,  there  must  be  (1)  complete 
combustion,  w^hich  presupposes  adequate  combustion  volume,  atomiza- 
tion,  admixing,  etc.,  and  (2)  there  must  be  sufficient  direct  and  in- 
direct heating  surface  to  absorb  the  heat  evolved  by  combustion.  In 
short,  the  fuel  must  be  completely  burned  and  the  heat  extracted 
thoroughly  from  the  products  of  combustion. 
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The  effect  of  fuel  rate  and  air- fuel  ratio  upon  the  exit  loss  should 
be  clearly  understood.  It  will  be  noted  from  the  various  curves  that 
the  flue-gas  temperature  for  a  given  air-fuel  ratio  increases  as  the 
number  of  gallons  of  oil  burned  is  increased.  Take,  for  example, 
figure  13.  In  this  figure  the  performance  of  a  burner  in  a  six-section 
boiler,  with  a  constant  carbondioxide  content  of  12.8  percent  in  the 
flue  gases  is  considered.  Now,  as  the  fuel  rate  is  increased  from  1.2 
gallons  per  hour  to  2  gallons  the  flue-gas  temperature  is  seen  to 
increase  from  415°  to  600°  F.,  in  a  straight -line  relation. 

On  the  other  hand,  what  is  the  effect  on  flue-gas  temperature  when 
the  rate  is  held  constant  but  the  air-fuel  ratio  is  altered  ?  As  hereto- 
fore brought  out,  the  addition  of  excess  air  decreases  the  flame  tem- 
perature; that  is,  the  inert  material  added  acts  as  a  diluent,  and  as 
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Figure  24. — Stack-loss  curves  for  combustion  of  domestic  oil-burner  distillates. 


a  result  the  final  temperature  is  diminished.  Thus  with  a  given  fuel 
rate  and  a  given  furnace,  the  initial  temperature,  with  complete  com- 
bustion, is  higher  with  a  flame  producing,  for  example  12  percent 
carbondioxide  than  with  a  flame  producing  10  percent  of  carbon- 
dioxide.  In  regard  to  stack  temperature,  although  the  furnace  tem- 
perature is  higher  in  the  case  of  less  excess  air,  the  exit  temperature 
is  lower.  As  has  been  stated,  the  radiant  heat  emitted  by  a  body  is  a 
function  of  the  fourth  power  of  its  absolute  temperature;  also,  not 
only  the  incandescent  carbon  particles  but  certain  gases — in  particular 
carbon  dioxide  and  H2O  are  good  radiators.  Thus  the  products  of 
combustion  at  the  higher  initial  temperature  have  the  power  to  emit 
comparatively  large  amounts  of  radiant  energy  to  the  direct  heating 
surface  of  the  boiler,  and  to  a  part  of  the  indirect  surface.  Moreover, 
according  to  the  laws  of  heat  transmission  by  convection,  the  larger 
volume  of  gas — which  is  the  condition  with  large  amounts  of  excess 
air — gives  the  lower  efficiency  in  heat  transmission.  Thus  the  com- 
bination of  these  two  effects  produces  higher  stack  temperatures  in 
the  case  of  large  amounts  of  excess  air.  Stack  loss  as  a  function  of 
air-fuel  ratio  and  stack  temperature  is  shown  by  the  curves  in 
figure  24. 
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HEATING  EFFECT 

In  figures  13-23  are  plotted  curves  of  output  or  heating  effect  in 
terms  of  gross  equivalent  square  feet  of  steam  radiation.  The  graphs 
of  output,  for  the  range  of  fuel  rates  used,  are  either  straight  lines  or 
concave  downward.  The  output  is  an  increasing  function  of  the  fuel 
rate,  whereas  the  efficiency  is  a  decreasing  one. 

EFFICIENCY    IN   RELATION    TO    CONTINUOUS   AND    INTERMITTENT 

OPERATION 

The  tests  described  herein  were  principally  of  a  continuous  nature, 
and  readings  were  not  begun  until  constant  conditions  of  carbon- 
dioxide,  stack  temperature,  heating  effect,  etc.,  were  attained.  How- 
ever, in  actual  operation  of  intermittent-type  burners  these  conditions 
are  not  secured,  and  equilibrium  may  not  always  be  established. 
Take,  for  example,  the  case  of  a  gun-type  burner  firing  a  boiler  with 
the  characteristic  bricked-up  furnace.  After  the  burner  has  been  in- 
active for  some  time  the  brickwork  becomes  comparatively  cool. 
When  the  burner  resumes  operation,  the  relatively  cool  brickwork  tem- 
porarily causes  a  certain  loss  from  unburned  gases.  For  a  given  boiler 
this  loss  due  to  starting  is  a  definite  quantity  for  each  thermal  state  of 
the  furnace.  Moreover,  there  may  be  some  loss  due  to  the  residual  heat 
of  the  brick  which  is  not  available  for  producing  useful  heating  effect 
to  the  boiler,  for  the  reason  that  when  the  burner  is  inoperative  the 
draft  caused  by  the  stack  effect  carries  a  certain  quantity  of  heat  up 
the  flue.  Obviously,  when  dealing  with  the  smaller  types  of  boiler  in 
which  the  mass  of  refractory  material  or  brickwork  is  relatively  small, 
the  starting  loss  will  be  negligible  for  all  practical  purposes. 

The  starting  loss  is  made  up  of  two  parts  (1)  the  loss  due  to  the 
chilling  effect  of  the  cold  brickwork — a  "chemical"  loss,  and  (2)  the 
loss  due  to  the  direct  absorption  of  heat  by  the  brickwork  or  refrac- 
tory material  in  the  furnace.  These  combined  losses  may  be  rela- 
tively small,  because  the  catalytic  effect  of  the  brickwork  is  ap- 
preciable even  when  the  temperature  is  much  below  that  at  equilib- 
rium operation,  and  also  because  a  large  part  of  the  heat  that  goes 
into  heating  the  brickwork  is  recovered  when  the  burner  is  inopera- 
tive. The  relations  between  the  various  factors  involved  in  inter- 
mittent operation  and  their  effects  on  resultant  efficiencies  have  been 
convincingly  brought  out  by  Theodorsen  at  Johns  Hopkins  Uni- 
versity. In  his  series  of  tests  the  boiler  was  operated  as  a  calorimeter 
with  practically  zero  radiation,  and  the  heat  transmission  from  the 
hot  brickwork  to  the  water  was  determined  after  the  shut-down.® 

UNCONSUMED  FUEL 

One  of  the  most  interesting  incidents  of  this  study  was  the  dis- 
covery of  considerable  unburned  gases  when  the  burners  were  operat- 
ing under  conditions  which  are  generally  conceded  to  give  perfect 
combustion.    It  has  been  the  general  practice  to  analyze  the  flue  gases 

8  Theodore  Theodorsen,  at  Johns  Hopkins  University,  in  a  series  of  experiments  for  the 
American  Oil  Burner  Association,  has  studied  this  problem  of  unburned  fuel  for  starting 
conditions  as  well  as  for  conditions  of  equilibrium.  Results  of  these  experiments  are 
embodied  in  his  report  to  the  association,  together  with  an  interesting  stoichiometric 
analysis  of  the  products  of  combustion  resulting  from  incomplete  combustion  of  a  kind 
referred  to  in  this  section.     (Unpublished  data.) 
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by  means  of  the  conventional  Orsat  apparatus  which  shows  percent- 
ages of  CO2,  O2,  CO,  and  hj  difference  Ng.  When  this  is  done  and 
a  heat  balance  is  made,  it  is  often  found  that  the  unaccounted-for 
losses  run  rather  high — perhaps  as  much  as  15  percent  of  the  heat 
value  of  the  fuel.  This  indicates  that  there  must  be  some  fuel  that 
is  unconsumed  but  which  is  not  detected  by  the  ordinary  flue-gas 
analyzer. 

This  unaccounted-for  fuel  could  not  be  entirely  in  the  form  of 
soot  without  being  readily  noticeable  and,  moreover,  it  was  found 
that  even  with  a  comparatively  clear  stack  this  loss  was  always  pres- 
ent to  a  degree.  In  some  instances  of  oil-burner  tests,  particularly 
in  the  case  of  large  industrial  boilers,  losses  up  to  several  percent 
have  been  attributed  to  soot  formation.^  Wlien  the  presence  of 
carbon  monoxide  was  detected  at  all  the  amount  was  only  a  trace — 
unless  there  was  an  appreciable  deficiency  in  the  air  supplied.  The 
assumption  is  sometimes  made  that  radiation  might  account  for  a 
large  percentage  of  this  heat.  However,  when  the  boiler  is  used 
merely  as  a  low-temperature  calorimeter  and  relatively  cool  water 
is  passed  through  it — ^thus  rendering  the  radiation  very  small — this 
unaccounted-for  loss  still  persists. 

For  a  more  complete  heat  balance  the  flue  gases  were  therefore 
analyzed  by  means  of  the  Bureau  of  Mines  ^^  gas  analyzer,  whereby 
H2,  unsaturated  hydrocarbons,  and  saturated  hydrocarbons  could  be 
determined  in  addition  to  the  compounds  indicated  by  the  ordinary 
engineering  type  of  flue-gas  analyzer.  Table  23  presents  test  data 
resulting  from  the  operation  of  four  principal  types  of  domestic  oil 
burners  in  three  cast-iron  boilers.  The  data  present  the  performance 
at  miscellaneous  and  widely  divergent  air-fuel  ratios  and  fuel  rates, 
and  therefore  may  not  be  used  to  compare  the  efficiencies  of  combus- 
tion of  the  various  types  of  burners.  The  purpose  of  this  table  is 
to  compare  the  results  obtained  in  using  the  simple  engineering  gas 
analyzer  with  those  obtained  by  using  the  more  complete  gas  analyzer. 
The  analyses  as  presented  in  the  table  were  made  after  equilibrium 
had  been  reached. 

If  only  the  simple  gas  analyzer  had  been  used  the  values  contained 
after  the  items  of  C2H4,  H^,  and  CH4  would  be  lacking.  The  two 
sets  of  percentages  under  the  item  of  excess  air  or  deficiency  show  the 
differences  between  the  computed  values  of  air-fuel  ratios  when  the 
computations  are  based  on  what  might  be  termed  the  incomplete  and 
the  complete  analyses.  When  based  on  the  complete  analyses  in  which 
practically  all  the  unburned  gaseous  fuel  is  included,  the  air-fuel  ratio 
IS  less  than  when  based  on  the  relatively  incomplete  data  yielded  by 
the  ordinary  engineering  gas  analyzer.  The  first  two  tests  on  the 
blue-flame  vertical-rotary  burner  were  made  with  air  deficiencies  for 
the  purpose  of  studying  the  products  of  incomplete  combustion  under 
such  conditions. 

The  percentages  of  the  heat  value  of  the  oil  represented  by  the  prod- 
ucts of  incomplete  combustion  are  given.  The  sum  of  the  losses  due 
to  C2H4,  H2,  and  CH4  which  would  not  be  detected  by  the  ordinary 

»  BARKLEY,    J.    F.       EXPERIENCES    WITH    THE    COMBUSTION    OP    FUEL   OIL    IN    POWER    PLANT 

BOILERS.     Fuel  Oil  Heat  and  Power  4   (12)  :    [13]-14,  40-42,  44,  46,  illus.     1926. 

I*'  BURRELL,   G.    A.,    and    SEIBERT,   F.    M.       sampling  and  examination   of   mine  gases   AND 

NATURAL  gas.     Revlsed  by  G.  W.  Jones,  U.  S.  Bur.  Mines  Bull.  197,  108  pp. 
illus.     1926. 
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Table  23. — Complete  heat  balance 


Blue-flame  vertical 
rotary 

Pres- 
sure 

Air  atomizing  (gun) 

Item 

atom- 
izing 
(gun) 

Retort 

Test 
1 

Test 
2 

Test 
3 

Test 
1 

Test 
2 

Test 
3 

Boiler  type ... . 

S-2206 

S-2206 

S-2206 

W-2004 

S-2307 

S-2307 

S-2307 

S-2307 

Fuel  rate  per  hour pounds.  . 

10.4 

10.4 

8.9 

11.6 

8.5 

19.5 

19.1 

19.1 

Flue  gas  by  volume: 

CO2 percent-. 

13.75 

12.10 

12.70 

9.40 

11.00 

9.20 

12.90 

6.90 

C2II1 do-... 

0 

.35 

0 

0 

0 

.10 

.40 

.35 

O2 do.... 

1.25 

1.35 

4.05 

8.90 

6.50 

8.20 

3.40 

11.30 

CO do.... 

1.60 

5.10 

.60 

.80 

.10 

.40 

.40 

.50 

H2 do-.. 

.80 

.70 

.35 

.60 

1.00 

.80 

.50 

.40 

N2 do..- 

82.05 

79.80 

82.20 

80.10 

81.30 

81.30 

82.40 

80.  55 

CH4 do-.. 

.  55 

.60 

.10 

.20 

.10 

0 

0 

0 

Air  excess  or  deficiency  (computed) : 

Ordinary  Orsat do 

-2.9 

-15.5 

10.8 

41.7 

32.3 

53.1 

11.8 

96.3 

Complete  analysis do 

-7.6 

-21.  4 

10.5 

39.8 

30.1 

47.8 

4.5 

79.7 

Stack  temperature °  F._ 

455 

385 

430 

638 

399 

750 

740 

850 

Useful  heat: 

Per  pound  of  oil B.  t.  u.. 

14,  230 

11.564 

14.  874 

13.000 

14,  243 

11,800 

13,000 

9,800 

Heat  value.. ..percent.- 

72.2 

58.7 

75.5 

66.0 

72.3 

61.2 

67.3 

50.8 

Incomplete    combustion    loss    in 

terms  of  heat  value  of  oil: 

C2H4 percent.. 

0 

4.1 

0 

0 

0 

2.3 

6.3 

9.6 

CO do.... 

4.4 

12.0 

2.0 

3.4 

.4 

1.8 

1.3 

2.8 

H2 do.... 

2,2 

1.7 

1.2 

2.5 

3.9 

3.7 

1.6 

2.2 

CH4 do.— 

4.7 

4.4 

1.0 

2.6 

1.2 

0 

0 

0 

Total 

11.3 

22.2 

4.1 

8.5 

5.5 

7.7 

9.1 

14.5 

Dry  stack  loss  in  percent  of  heat 

value ----__ 

6.3 

4.4 

6.9 

13.9 

7.3 

17.6 

12.2 

24.5 

Loss  from  combustion  of  H2,  percent 

of  heat  value 

6.4 
19,  700 

6.1 
19,  700 

6.9 
19,700 

7.1 
19,700 

6.3 
19,700 

7.3 
19,300 

7.4 
19,300 

7.2 

Heat  value  per  pound  of  oil,  B.  t.  U-. 

19,  300 

Radiation  and  unaccounted  losses: 

Based  on  ordinary  Orsat,  percent . 

10.7 

18.8 

8.8 

9.6 

13.7 

12.2 

11.9 

14.8 

Based  on  complete  analysis.. do.. 

3.8 

8.6 

6.6 

4.5 

8.6 

6.2 

4.0 

3.0 

gas  analyzer  are  in  some  instances  greater  than  the  loss  due  to  carbon 
monoxide  in  the  flue  gases,  the  only  product  of  incomplete  combustion 
that  could  be  detected  in  the  so-called  incomplete  analysis.  The  values 
of  the  total  incomplete-combustion  losses  vary  from  a  low  value  of  4.1 
percent  to  a  maximum  value  of  22.2  percent.  During  the  operation  of 
the  burner  under  the  latter  conditions,  when  nearly  one-fourth  of  the 
fuel  passed  up  the  stack  unburned,  comparatively  little  soot  was  pro- 
duced. The  value  of  the  incomplete-combustion  loss  in  one  instance, 
with  considerable  air  deficiency,  was  greater  than  the  sum  of  the  dry 
stack  loss  and  the  loss  of  heat  in  the  moisture  resulting  from  combus- 
tion of  the  H2  of  the  fuel.  Even  when  adequate  air  was  supplied,  the 
unburned-f  uel  loss  averaged  two-thirds  of  the  dry  stack  loss  and  usu- 
ally exceeded  the  loss  in  the  moisture  resulting  from  combustion  of  the 
H2  of  the  fuel.  The  last  two  lines  of  table  23  indicate  a  much  better 
accounting  for  the  total  heat  of  the  fuel  when  the  heat  balance  is  based 
on  the  complete  analysis  rather  than  on  the  incomplete  analysis.  The 
average  value  of  the  radiation  and  unaccounted-for  loss  based  on  the 
ordinary  gas  analyzer  for  the  several  runs  listed  is  12.6  percent,  while 
based  on  the  complete  analysis  it  is  5.7  percent.  Assuming  a  radiation 
loss  of  3  percent  in  both  cases,  this  would  leave  net  unaccounted-for 
losses  of  9.6  and  2.7  percent,  respectively. 

Thus,  while  the  ordinary  engineering  Orsat  apparatus  is  useful  and 
perhaps  indispensable  in  field  adjustments  of  oil  fires,  it  may  not  be 
satisfactory  when  an  accurate  heat  accounting  is  to  be  made  in  precise 
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laboratory  work.  Since  the  carbon  monoxide  measurement  is  of  rela- 
tively little  value  by  itself,  probably  the  most  practicable  type  of  gas 
analyzer  for  the  oil-burner  man  who  is  confronted  with  the  task  of 
making  oil-burner  adjustments  in  the  field  is  the  single-pipette 
variety  utilizing  a  caustic  solution  for  the  absorption  of  carbon 
dioxide. 

BOILER  RATINGS 

Few  problems  are  so  troublesome  to  the  oil-burner  engineer  as  that 
of  the  ratings  of  boilers  designed  iov\  burning  coal.  In  many  in- 
stances the  engineer  is  forced  to  use  the  rating  given  by  the  manu- 
facturer as  based  on  coal  as  fuel,  and  often  this  results  in  inefficient 
operation.  To  ascertain  why  the  ratings  for  coal  do  not  generally 
hold  for  oil,  reference  is  made  to  figure  25  which  is  a  characteristic 
efficiency  curve  for  a  heating  boiler  when  burning  coal.  This  curve 
shows  a  constantly  increasing  efficiency  from  zero  to  a  maximum  value 
at  about  40-percent  rating.  The  efficiency  then  diminishes,  the  curve 
being  concave  downward.  At  100-percent  rating  the  efficiency  is 
only  about  85  percent  of  its  maximum  value.  Now  this  100-percent 
rating  is  fixed  at  the  point  of  peak  load  for  the  season,  which  is  the 
time  when  the  boiler  is  being  pushed  to  raise  the  temperature  of  the 
house  in  the  morning  to,  say,  70°  F.  during  the  season  of  lowest  out- 
side temperature.  However,  it  is  estimated  that  the  average  output 
for  the  season  is  actually  less  than  one-third  of  this  peak  demand. 
The  manufacturers  take  advantage  of  this  fact  and  so  rate  their  boil- 
ers that  the  operating  point  of  maximum  efficiency  coincides  with  the 
average  seasonal  demand  on  the  boiler,  not  with  the  peak  demand. 
Hence  during  the  time  a  coal-burning  boiler  is  forced  the  efficiency 
suffers. 

The  intermittently  operating  oil  burner  must  be  so  adjusted  as  to 
rate  of  fuel  consumption  that  this  peak  demand  can  be  handled. 
Moreover,  it  must  be  so  adjusted  that  the  rate  of  burning  will  be 
sufficient  to  heat  the  house  to  the  desired  temperature  on  the  coldest 
day  and  to  perform  this  task  without  running  continuously,  in  order 
to  leave  a  margin  for  automatic  control.  Thus  it  is  the  providing 
for  this  peak  demand  which  fixes  the  rate  at  which  a  burner  must 
operate.  This  rate  of  heat  liberation  will  be  at  least  as  great  as,  and 
probably  greater  than,  the  maximum  rate  of  heat  liberation  for  the 
coal  fire.  The  important  point  to  bear  in  mind  is  that  the  oil  burner 
of  the  intermittent  variety  when  once  set  operates  at  that  same  rate 
all  through  the  season  from  the  mildest  to  the  most  severe  day.  The 
control  of  room  temperature  is  obtained  by  intermittent  operation  of 
the  burner.  In  mild  weather  the  burner  is  inactive  for  longer  periods 
than  it  is  during  cold  weather.  Now  this  condition  is  not  objec- 
tionable if  the  allowance  for  peak  demand  with  coal  has  been  liberal, 
but  if  not  the  oil  burner  will  operate  at  unduly  low  efficiencies. 
Hence  if  oil  is  to  be  used  as  fuel  in  a  standard  coal-burning  boiler, 
some  adjustment  in  rating  must  be  made. 

One  leading  boiler  manufacturer,  in  order  to  allow  for  the  peak 
demand,  adds  about  80  percent  to  the  radiation  load  in  determining 
the  size  of  boiler  for  coal.  Hence  it  might  be  well  to  add  from  100 
to  150  percent  to  the  radiation  load  in  order  to  determine  the  boiler 
capacity  when  burning  oil. 
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From  the  foregoing  it  is  evident  that  both  the  amount  of  radiation 
and  the  total  operative  time  of  the  burner  are  factors  in  selecting  the 
proper  size  of  boiler.  Eatings  for  coal-burning  boilers  are  applicable 
for  oil  burning  only  when  proper  allowances  are  made  for  the  dif- 
ferences in  conditions. 
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FiouRK  25. — Typical  efficiency  curve  for  a  heating  boiler  when  burning  coal. 

COSTS  OF  HEATING  WITH  COAL  AND  OIL 

In  comparing  the  cost  of  heating  with  coal  and  oil,  it  is  important 
that  all  of  the  factors  be  considered.  The  personal  element  enters 
to  a  much  greater  extent  with  the  coal  fire  than  with  the  oil  fire, 
and  therefore  there  is  greater  opportunity  for  poor  firing.  It  is 
safe  to  say  that  only  a  small  percentage  of  householders  operate  their 
furnaces  to  best  advantage.  With  the  coal  fire  there  is  overheating 
during  the  milder  periods  of  the  heating  season,  especially  when  no 
automatic  room-temperature  control  is  used.  The  temperature  regu- 
lation frequently  is  achieved  by  opening  windows  and  doors  rather 
than  by  control  of  the  fire.  Moreover,  in  homes  where  coal  is  burned, 
some  auxiliary  heating  devices — such  as  portable  oil,  gas,  or  electric 
heaters — are  frequently  put  into  service  in  the  spring  and  fall.  The 
cost  of  operating  these  should  be  charged  against  the  coal-burning 
plant. 

With  the  oil  burner  the  personal  element  is  largely  removed,  as- 
suming that  the  burner  has  been  properly  installed  and  regulated. 
There  are  characteristics  of  the  oil  burner  which  tend  to  increase  the 
cost  of  heating,  but  they  are  additional  costs  for  additional  comfort. 
The  oil  burner  is  likely  to  be  operated  earlier  and  later  in  the  heating 
season  than  the  coal  burner,  because  of  the  ease  of  starting  up  and 
the  probability  that  little  attention  is  required  afterward.  The  room 
temperature,  with  a  good  automatic  oil-burning  installation,  is  main- 
tained practically  constant  at  any  ordinary  temperature  desired,  which 
may  or  may  not  be  the  case  with  the  coal  burner. 

It  should  be  borne  in  mind  that  the  average  oil-burning  installa- 
tion is  merely  a  change  from  coal  to  oil  without  any  radical  change 


STUDY  OF  THE  OIL  BURNER  FOR  DOMESTIC  HEATING  41 

in  the  boiler.  Some  boilers  are  far  more  suitable  for  oil  burning  than 
others.  A  comparison  of  the  costs  of  burning  oil  and  coal  should  there- 
fore be  confined  to  one  type  of  boiler  because  in  another  boiler,  the 
relations  may  be  somewhat  different. 

Perhaps  the  best  way  to  compare  fuel  costs  is  on  the  basis  of  the 
number  of  gallons  of  oil  which  are  equivalent  to  a  ton  of  coal.  This 
will  eliminate  the  variable  of  prices,  and  the  figures  presented  can  be 
used  for  comparison  in  any  locality  where  the  prices  of  oil  and  coal 
are  known.  The  Department  of  Agriculture  investigated  the  com- 
parative consumption  of  coal  and  oil  with  small  round  boilers  such 
as  would  be  found  in  homes  of  6  to  10  rooms.  From  these  investi- 
gations it  was  concluded  that,  under  present  conditions,  1  short  ton 
of  coal  is  the  approximate  equivalent  of  from  150  or  less  to  200  gal- 
lons of  fuel  oil. 

Such  a  comparison  involves  only  the  fuel  cost.  A  true  comparison 
should  include  many  more  items.  Some  of  these  items  can  be  stated 
as  follows :  The  cost  of  the  burner  installation  may  be  several  hundred 
dollars,  and  interest  and  depreciation  must  be  charged  against  the 
oil  burner.  On  a  small  installation  these  fixed  charges  alone  may 
represent  a  large  percentage  of  the  cost  of  the  fuel.  The  cost  of  the 
auxiliary  power  must  be  added — that  is,  the  gas  or  electricity  or  both, 
depending  on  the  type  of  burner.  Moreover,  after  the  free-service 
period,  which  generally  is  1  year,  service-call  charges  must  be  reck- 
oned with,  although  with  good  burners,  properly  installed,  this 
item  should  be  small. 

As  against  this  the  principal  arguments  advanced  for  the  oil 
burner  are  its  convenience,  comfort,  and  cleanliness.  It  is  maintained 
that  with  the  use  of  oil  burners  the  cost  of  cleaning  and  redecorating 
is  greatly  lessened.  As  compared  with  burning  soft  coal  this  is  un- 
doubtedly true,  provided  the  oil  burner  is  in  proper  adjustment, 
otherwise  it  may  produce  a  quantity  of  soot  that  will  permeate  the 
house  in  a  very  short  time.  The  employment  of  an  attendant  for  an 
oil-burning  heating  plant  in  the  home  is  unnecessary.  In  the  aver- 
age-sized house,  where  no  great  saving  in  furnace  attendance  can  be 
shown,  the  cost  of  heating  with  oil  is  generally  greater  than  the 
cost  of  heating  with  coal — all  things  considered. 

COST  OF  HEATING  WITH  OIL  AND  GAS 

When  one  is  contemplating  an  automatic  house-heating  system 
he  usually  has  in  mind  oil,  gas,  or  electricity.  Accordingly  he  is 
justly  concerned  with  the  relative  costs  of  heating.  Electric  heating 
is  in  many  respects  ideal  but  at  this  time  the  area  in  which  the  rate 
for  electric  current  is  low  enough  to  permit  its  economical  use  for 
house  heating  is  very  limited. 

In  many  instances  the  cost  of  heating  with  gas  compares  favorably 
with  that  of  heating  with  oil,  especially  when  considering  the  in- 
herent advantages  of  gas  heating  over  oil  heating.  Many  factors  af- 
fect the  seasonal  efficiency  of  the  two  kinds  of  fuel  and  as  time  goes 
on  and  more  data  are  assembled  we  shall  be  in  a  better  position  to 
use  fair  average  figures  for  seasonal  efficiency. 

In  considering  a  number  of  the  comparisons  made  between  oil  and 
gas  heating,  two  outstanding  tendencies — conducive  to   erroneous 
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conclusions — were  observed:  (1)  Many  items  of  cost  had  been  over- 
looked ^  and  (2)  when  these  items  were  included,  the  fact  that  they 
are  functions  of  the  size  of  the  plant  was  ignored.  The  first  ques- 
tions, when  one  is  asked  to  compare  cost  of  heating  with  any  two 
fuels  such  as  oil  and  gas  should  be — Of  what  size  is  the  heating 
plant;  how  many  square  feet  of  radiation  are  installed?  The  effect 
of  the  size  of  plant  on  comparative  cost  figures  will  be  apparent  when 
the  items  of  cost  are  considered.  With  an  oil-burning  installation  the 
major  items  are  as  follows : 

(1)  Cost  of  installation. 

(2)  Cost  of  average  reserve  of  oil  in  storage  tank. 

(3)  Cost  of  boiler  for  oil  burning. 

(4)  The  sum  of  (1),  (2),  and  (3)  is  the  investment. 

(5)  Interest  on  investment,  item  (1). 

(6)  Cost  of  oil  for  season. 

(7)  Depreciation  of  oil  burner,  estimating  life  at  x  years. 

(8)  Depreciation  on  oil-burning  boiler,  estimating  life  at  y  years. 

(9)  Cost  of  service  on  equipment  after  first  year. 

(10)  Cost  of  operation  of  pilot  or  other  ignition  device  per  season. 

(11)  Cost  of  operation  of  motor  per  season. 

The  total  cost  per  season  of  heating  with  oil  will,  in  general  be  as 
follows : 

Cost-  (5)  +  (6)  +  (7)  +  (8)  +  (9)  +  (10)  +  (11) 

Under  certain  conditions  of  operation,  some  of  these  items  may 
become  zero,  or  at  least  very  small. 

Most  comparisons  take  account  of  only  item  6,  while  some  include 
also  10  and  11.  However,  it  is  easy  to  show  that  the  sum  of  the 
other  items  of  cost  may  easily  be  as  much  as  75  to  100  percent  of 
the  sum  of  those  ordinarily  considered.  For  convenience  the  various 
costs  will  be  grouped  and  called  the  "fixed"  cost  and  the  "fuel"  cost. 
The  fixed  cost  will  be  the  sum  of  items,  5,  7,  8,  9,  10,  and  11.  The 
fuel  cost  will  be  item  6.  As  the  plant  increases  in  size  the  ratio  of  the 
fixed  costs  to  the  fuel  costs  becomes  smaller,  but  the  former  is  never 
negligible  and  should  always  be  taken  into  account  when  comparisons 
are  made. 

Consider  now  the  major  cost  items  when  gas  is  the  fuel.  They  are 
as  follows : 

(1)  Cost  of  installation. 

(2)  Interest  on  investment,  item   (1). 

(3)  Cost  of  gas  per  season. 

(4)  Depreciation  of  gas  boiler,  estimating  life  at  z  years. 

(5)  Service  charge. 

Item  5,  may  be  zero;  that  is,  in  some  cases  the  service  charge  is 
included  with  fuel  costs.  The  total  cost  per  season  of  heating  with 
gas  will  be,  Cost=  (2)  +  (3)  +  (4)  +  (5). 

In  this  case,  as  with  oil,  there  are  two  kinds  of  costs,  namely, 
fixed  costs  and  fuel  costs.  Accordingly  the  fixed  cost  will  be  the 
sum  of  items  2,  4,  and  5,  and  the  fuel  cost  will  be  item  3.  This  item, 
of  course,  includes  pilot-light  cost.  These  costs  again  bear  a  certain 
relation  to  each  other  as  a  function  of  the  size  of  plant,  but  the  ratio 
of  the  fixed  costs  to  fuel  costs  is  not,  in  general,  as  great  with  gas 
as  with  oil. 

Curves  have  been  plotted  (fig.  26)  to  show  the  effect  of  these  vari- 
ous cost  factors — particularly  that  of  size  of  plant.    The  comparison 
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is  between  specially  designed  gas  burning  equipment  and  special  oil 
burning  boilers.  These  curves  represent  the  true  costs  of  heating  with 
oil  and  with  gas  for  1  year  in  one  of  the  large  cities  of  the  country 
where,  on  the  basis  of  oil  and  gas  costs  only,  gas  heating  would  ap- 
pear under  any  conditions  to  cost  almost  twice  as  much  as  oil  heat- 
ing. The  fuel  costs  are  represented  by  lines  2  and  4.  However,  when 
the  fixed  costs  are  added  we  get  lines  1  and  3,  which  represent,  re- 
spectively, the  total  costs  of  heating  with  gas  and  with  oil.  It  will 
be  noted  that  for  the  smaller  installations  these  total  costs  differ 
but  little,  but  as  the  plants  become  larger  the  total-cost  lines  diverge. 
To  illustrate  this,  table  24  shows  relative  cost  figures  for  a  com- 
paratively small  plant  and  a  somewhat  larger  one. 


200    300    400    500    600    700 

Installed  steam  radiation  (square  feet) 
Figure  26. — Comparative  cost  of  heating  with  gas  and  oil. 
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Table  24. — Comparison  of  fuel  costs  and  total  heating  costs 


Size  of  plant  radiation 

Cost  of  heating  fuel 
only 

Ratio  gas 
to  oil 

Total  cost  of  heating 

Ratio  gas 

Gas 

Oil 

Gas 

Oil 

to  oil 

300  square  feet  . 

Dollars 
162 
377 

Dollars 

85 
217 

1.91 
1.74 

Dollars 
200 
448 

Dollars 
163 
302 

1.23 

750  square  feet  

1.48 

It  will  be  observed  from  table  24  that  gas  heat  would  cost  an 
average  of  about  80  percent  more  than  oil  heat  if  fuel  costs  only 
were  considered.  However,  when  the  total  costs  are  considered,  gas 
would  cost  only  about  23  and  48  percent  more,  respectively,  for  the 
300  square  feet  and  750  square  feet  of  radiation.    These  figures, 
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moreover,  indicate  clearly  that  as  the  plant  increases  in  size  the  rela- 
tive expense  of  gas  heating  to  that  of  oil  heating  becomes  greater, 
at  least  within  the  limits  and  under  the  conditions  depicted  in 
figure  26. 

ESTIMATING  FUEL  CONSUMPTION 

Frequently  it  is  desired  to  determine  the  absolute  values  of  the 
fuel  cost  with  regard  to  various  types  of  plant  in  different  sections  of 
the  country.  One  of  the  best  methods  of  attacking  this  problem  is 
by  means  of  the  "degree-day"  method  which  has  been  devised  by  the 
American  Gas  Association.  The  degree-day  is  the  product  of  1  day 
of  time  and  1°  F.  difference  in  temperature  between  the  heated  space 
and  the  outside  air. 

From  the  United  States  Weather  Bureau  data  the  number  of  days 
of  the  year  for  which  the  average  temperature  is  below  a  given  figure 
can  be  determined.  The  period  so  determined  may  be  called  the 
heating  season.  The  American  Gas  Association  has  found  that  a 
mean  daily  temperature  of  65°  F.  is  a  reasonable  heating  season  limit. 
That  is,  it  was  determined  that  with  a  daily  mean  temperature  of  65°, 
the  daytime  temperatures  will  average  around  70°,  and  the  only  time 
room  temperatures  would  fall  below  the  comfort  point  would  be 
around  midnight.  Thus  the  number  of  heating  days  per  year  is  de- 
termined from  the  basis  of  65°  as  a  minimum  allowable  mean  daily 
temperature  without  heating.  The  product  of  the  number  of  heating 
days  per  year  and  the  average  difference  in  temperature  as  between 
spaces  to  be  heated  and  the  outside  temperature  gives  the  number  of 
degree-days  per  heating  season. 

From  a  knowledge  of  the  number  of  degree-days  and  of  the  square 
feet  of  installed  radiation,  the  quantity  of  fuel  consumed  can  be 
estimated,  an  assumption  of  plant  efficiency  having  been  made. 
Fansler  ^^  has  tabulated  degree-days  data  for  the  various  parts  of 
the  United  States  and  Canada  and  has  presented  the  data  in  the  use- 
ful form  of  an  iso-degree-day  chart.  Similarly,  he  has  worked  out 
iso-fuel-consumption  charts  for  oil,  gas,  and  coal  for  corresponding 
places.  These  charts  are  convenient  and  are  sufficiently  accurate  when 
used  with  the  discretion  urged  in  accompanying  instructions. 

11  Fansler,  P,  E.  the  iso-degree-day  chart.  Heating  and  Ventilating  Mag.  22  (9 : 
73),illus.     1925. 
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INTRODUCTION 

Very  few  scientific  studies  have  been  reported  which  assist  in  the 
selection  of  sizing  ingredients  for  the  finishing  of  fabrics  in  either  the 
manufacturing  or  the  laundering  process.  The  value  of  these  sizing 
formulas  is  usually  judged  by  the  so-called  ''feel"  or  ''handle"  of  the 
sized  fabric.  A  few  attempts  have  been  made  to  determine  experi- 
mentally the  suitability  of  different  starches  and  other  sizing  materials 
in  terms  of  their  ability  to  influence  the  penetrating  and  adhesive 
power  of  the  paste  and  the  stiffness  and  pUability  of  the  sized  fabric. 
However,  the  great  number  of  contradictory  results  reported  makes 
it  obvious  that  these  more  specific  properties  of  the  fabric  have  not 
been  adequately  defined  and  studied  upon  this  basis  of  definition. 

In  a  series  of  studies  in  this  laboratory  an  attempt  is  being  made  to  dif- 
ferentiate and  define  the  individual  properties  of  a  sized  fabric  that  col- 
lectively constitute  its  ''feel"  and  to  develop  methods  for  the  physical 
measurement  of  these  properties.  It  will  then  be  possible  to  deter- 
mine the  relative  values  of  various  starches  and  other  agricultural 
products  suitable  for  sizing  mixtures.  Stiffness  is  one  of  the  most 
important  of  these  properties  and  is  the  subject  of  the  work  reported 
Iq  this  bulletiQ. 
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STIFFNESS  PRODUCED  IN  FABRICS  BY  DIFFERENT 
STARCHES  AND  STARCH  MIXTURES  ^ 

By  Esther  C.  Peterson 

Starch  was  selected  for  study  because  it  is  one  of  the  most  common 
sizing  materials.  A  better  knowledge  of  the  different  properties  of 
a  fundamental  sizing  ingredient  will  not  only  guide  the  manufacturer 
in  his  original  sizing  applications  but  will  also  aid  in  the  formulation 
of  simple,  effective  means  of  more  nearly  restoring  to  the  laundered 
cloth  the  new,  unwashed  appearance.  A  study  of  the  comparative 
stiffness  imparted  by  the  different  starches  will  help  in  the  choice  of 
a  sizing  agent  for  fabrics. 

EXPERIMENTAL  PROCEDURE 

PREPARATION   OF  STARCHES 

The  study  of  a  substance  as  complex  and  indefinitely  known  as 
starch  involves  a  number  of  difficult  factors.  Rask  and  Alsberg  {^21Y 
have  reviewed  reports  which  show  that  starches  of  different  species 
and  even  starches  from  different  varieties  of  the  same  species  may 
differ  in  their  properties.  A  part  of  this  apparent  difference  may  be 
due  to  differences  in  the  maturity  of  the  plant  at  the  time  of  harvest. 
However,  it  is  probable  that  differences  in  the  manufacture  of  the 
starch  and  the  use  of  alkali  or  acid  during  this  process  may  account 
for  many  of  the  variations  which  are  recorded  in  the  literature. 
Rask  and  Alsberg  have  partially  reviewed  reports  concerning  the 
effects  of  slight  acid  or  alkali  upon  starch  and  in  their  own  work  have 
pointed  out  that  the  hydrogen-ion  concentration  of  wheat-starch 
pastes  is  decidedly  on  the  acid  side  of  neutrality.  To  complicate 
matters  still  more  Sharp  {2S')  states  that  there  is  a  change  in  hydro- 
gen-ion concentration  of  wheat  and  other  mill  products  with  age. 

Taking  these  various  factors  into  account,  it  was  thought  advisable 
to  prepare  the  starch  used  for  a  part  of  the  experimental  work  and 
to  compare  it  with  different  commercial  products.  Fortuna  rice  was 
obtained  from  the  Louisiana  Experiment  Station;  Kharkof  hard 
winter  wheat  flour  from  the  Kansas  State  Agricultural  College;  and 
Boone  County  White  corn  from  the  United  States  Department  of 
Agriculture  experiment  farm  at  Rosslyn,  Va.  The  Russet  Rural 
potatoes  used  were  selected  by  William  Stuart,  Bureau  of  Plant 
Industry,  Department  of  Agriculture.  The  detailed  methods  em- 
ployed for  preparing  the  starches  from  these  various  grains  and  tubers 
are  given  below. 

POTATO    STARCH 

Potato  starch  was  prepared  in  general  according  to  the  methods 
outHned  by  Wiley  {SO)  and  by  the  Office  of  Extension  Work,  North 
and  West  (;^7),  of  the  Department  of  Agriculture.  The  potatoes 
were  scrubbed  and  finely  ground.  The  pulp  was  placed  in  sieves  and 
washed  thoroughly  several  times  in  distilled  water  until  the  last 
rinse  showed  very  little  turbidity.  Rinse  waters  containing  the 
freed  starch  were  combined  and  left  to  settle  overnight.  In  the 
morning  the  water  was  siphoned  off  from  the  starch,  which  formed  a 

1  Acknowledgment  is  made  of  the  laboratory  assistance  given  by  Helen  Woodward. 
'  Reference  is  made  by  italic  numbers  in  parentheses  to    Literature  cited,"  p.  27. 
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compact  layer  on  the  bottom.  The  thin  layer  of  darkened  impurities 
on  the  top  was  scraped  off  and  the  starch  again  suspended  in  distilled 
water  and  allowed  to  settle.  This  process  was  continued  until  there 
was  no  sign  of  a  gra3rish  layer  on  top  of  the  cake  of  starch.  The 
product  was  then  washed  with  alcohol  and  ether,  air-dried,  and  put 
through  a  70-mesh  sieve. 

WHEAT    STARCH 

Rask  and  Alsberg  (21)  have  outlined  a  method  for  the  laboratory 
preparation  of  wheat  starch.  They  made  a  dough  of  the  flour,  ripened 
it  for  45  minutes  and  kneaded  it  under  a  gentle  stream  of  tap  water  to 
remove  the  starch  from  the  gluten.  The  starch  suspension  was  treated 
with  a  1  per  cent  sodium  chloride  solution  to  dissolve  out  the  globuKns, 
and  the  Altered  product  was  washed  with  95  per  cent  alcohol.  Because 
of  the  larger  quantities  of  starch  required  for  the  work  in  this  labor- 
atory their  method  was  modified  slightly.  It  was  found  possible  to 
free  the  resulting  starch  from  protein  by  mechanical  means  alone, 
though  the  yield  by  this  method  was  very  poor.  Consequently,  the 
use  of  the  salt  solution  was  abandoned. 

A  thick  dough  was  made  with  the  flour  and  distilled  water  and  al- 
lowed to  stand  for  one  hour.  It  was  then  placed  in  muslin  bags  and 
worked  by  hand  in  tubs  of  distilled  water.  The  water  was  changed 
frequently,  and  the  washing  continued  until  the  final  water  remained 
almost  clear.  The  wash  waters  were  combined,  and  the  suspended 
starch  was  allowed  to  settle  overnight.  In  the  morning  the  w^ater  was 
siphoned  off  from  the  starch  layer,  which  was  packed  solidly  at  the 
bottom.  Above  this  was  a  layer  of  glutinous  material  less  solidly 
packed  and  exceedingly  sticky.  The  starch  layer  was  resuspended  in 
water,  and  the  washing  and  settling  continued  until  the  sticky,  glu- 
tinous layer  ceased  to  form  on  the  top. 

The  impure  starch  gluten  from  the  settling  basin  was  then  centri- 
fuged.  Since  a  solid  drum  type  of  centrifuge  was  not  available  the 
perforated  drum  was  lined  \vith  oiled  sflk.  The  starch  packed  in  a 
pure  white  solid  layer  on  the  drum  wall  while  the  impurities  formed  a 
less  solid  deep  cream  layer  on  the  inside.  The  water  was  siphoned 
out,  the  impure  layer  scraped  off,  apd  the  starch  layer  left  in  the  drum 
untfl  several  runs  had  been  made.  In  this  way  a  thick  cake  of  starch 
was  built  up.  The  starch  was  removed  and  further  purified  by  wash- 
ing and  settling  by  the  same  method  used  to  free  the  original  starch 
layer  from  traces  of  gluten.  It  was  then  washed  with  alcohol  and 
tested  for  protein  with  Mfllon's  reagent;  ether-washed  until  tests 
showed  it  to  be  fat  free ;  dried  at  room  temperature ;  and  put  through 
a  70-mesh  sieve. 

CORN    STARCH 

No  laboratory  method  for  the  preparation  of  corn  starch  has  been 
reported,  and  the  general  method  ordinarily  followed  in  the  mills  was 
not  advisable  for  a  product  which  was  to  be  used  for  experimental 
purposes.  The  corn  was  ground  to  a  coarse  meal  and  soaked  in  dis- 
tilled water  overnight.  It  was  then  washed  for  one  hour  with  twice 
its  bulk  of  distilled  water  in  an  oscillating- type  washing  machine.  The 
water  was  changed  and  the  washing  repeated  for  another  hour.  Four 
such  washings  were  made  in  order  to  loosen  the  starch.  The  milky 
starch  water  from  the  machine  was  strained  through  a  milk  strainer 
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and  placed  in  large  settling  basins  overnight.  In  the  morning  the 
water  was  siphoned  off.  The  corn  starch  did  not  pack  at  this  stage 
as  did  the  wheat  and  potato  starches,  but  was  dipped  out  as  a  thick 
milk.  This  material  was  centrifuged,  and  an  oiled-silk  lining  was 
used  in  the  drum.  The  thin  dark  inner  layer  was  scraped  off  and  a 
cake  of  the  still  impure  yellowish-gray  starch  built  up.  This  was 
washed  in  alcohol,  and  later  in  ether  until  fat  free. 

This  product  gave  a  decided  test  for  protein  with  Millon's  reagent. 
The  aim  had  been  to  avoid  any  hydrolysis  of  the  starch  by  eliminating 
the  use  of  either  acid  or  alkali  in  its  preparation.  At  this  point,  how- 
ever, there  appeared  no  other  method  of  freeing  the  starch  from  pro- 
tein. This  protein  material  was  therefore  dissolved  out  with  salt  and 
alkali  solutions  according  to  the  methods  of  Osborne  (18)  and  Leach 
(15).  Two  and  one-half  liters  of  a  10  per  cent  sodium  chloride 
solution  were  used  for  each  kilogram  of  the  impure  starch,  and  five 
successive  washings  were  made.  The  deep  yellow  color  of  the  salt 
extract  showed  signs  of  soluble  protein.  After  a  final  washing  with 
distilled  water  the  starch  was  treated  with  2}^  liters  of  a  0.3  per  cent 
sodium  hydroxide  solution,  and  after  standing  for  one-half  hour  was 
filtered  by  means  of  suction.  After  two  such  washings  the  starch 
was  suspended  in  3  liters  of  distilled  water  and  allowed  to  settle  over- 
night. The  thick  yellow  solution  at  the  top  was  then  siphoned  off 
and  the  starch  cake  again  suspended  in  sodium  hydroxide.  At  this 
point  it  was  noticed  that  the  suspension  very  quickly  separated  into 
two  distinct  layers,  and  the  yellow  layer  appeared  this  time  at  the 
bottom.  The  milky  starch  suspension  was  siphoned  off  and  more 
alkali  added  to  the  yellow  layer.  This  process  was  repeated  until 
the  white  suspension  of  starch  ceased  to  form  at  the  top.  The  starch 
suspension  was  filtered  and  washed  with  water  until  the  hydrogen- 
ion  values  were  found  to  be  between  7  and  7.2  as  shown  by  Clark's 
(4)  colorimetric  tubes.  Both  phenol  red  and  cresol  red  were  used  as 
indicators.  It  was  then  washed  with  alcohol,  dried  in  the  air  at  room 
temperature,  and  put  through  a  70-mesh  sieve.  The  commercial 
products  showed  a  hydrogen-ion  concentration  of  6.8  to  7.2. 

RICE    STARCH 

Several  laboratory  methods  have  been  reported  for  the  preparation 
of  rice  starch.  Tadokoro  and  Sato  (26)  made  a  study  of  common 
and  glutinous  rice  starch  and  have  outlined  the  rnethod  used  in  the 
manufacture  and  purification  of  their  experimental  starches.  They 
treated  the  rice  flour  with  0.3  per  cent  sodium  hydroxide  for  7-hour 
periods  until  a  negative  protein  reaction  was  obtained.  Wise  (31) 
also  lists  two  methods,  one  by  Jones  and  a  so-called  American  method, 
but  each  of  these  also  employs  alkali  to  free  the  material  from  protein. 
Schliiter  (22),  in  an  EngHsh  patent,  describes  a  method  for  the  prepa- 
ration of  rice  starch  by  mechanical  means.  The  rice,  with  a  prede- 
termined quantity  of  water,  is  finely  ground  in  a  pebble  mill  and  the 
starch  separated  from  the  other  substances  by  centrifugal  treatment. 
Upon  trying  to  fofiow  this  method  it  was  at  once  discovered  that  the 
sjLiccess  of  the  centrifuging  depended  upon  the  consistency  of  the 
ground  mixture.  The  relation  of  the  quantity  of  material  to  the  size 
of  the  mill,  the  size  and  number  of  pebbles,  and  the  variety  of  rice  to 
be  ground  were  all  factors  in  determining  the  consistency  of  the  mix- 
ture after  one  hour's  grinding.     A  sufficient  separation  of  the  starch 
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was  not  obtained  to  justify  using  this  method,  though  its  possi- 
bihties  were  recognized  had  time  been  available  for  a  more  complete 
stud}^  of  its  control. 

However,  it  was  found  that  a  water  suspension  of  the  ground 
mixture  settled  out  overnight.  Accordingly,  5  pounds  of  rice  was 
ground  at  a  time  in  a  pebble  mill  with  an  equal  weight  of  water  until 
a  smooth  paste  was  obtained.  An  excess  of  water  was  added  and  the 
whole  allowed  to  settle  overnight.  In  the  morning  the  water  was 
siphoned  off  and  the  caked  starch  layer  Hfted  out.  More  water  was 
poured  on  the  mealy  residue  and  the  suspension  allowed  to  stand 
until  a  sharp  division  appeared  between  the  top  milky  layer  and  the 
mealy  layer  at  the  bottom.  The  milky  layer  was  siphoned  off  and 
more  water  added.  This  process  was  continued  until  all  of  the  starch 
had  been  obtained.  By  centrifuging  the  starch  in  a  drum  lined  with 
nainsook,  a  cake  was  formed  which  was  thick  at  the  base  and  tapered 
gradually  to  a  very  thin  layer  at  the  top.  The  impurities  were  found 
at  the  top  and  the  starch  at  the  bottom.  There  was  no  sharp  line 
of  demarcation;  so  a  considerable  quantity  of  starch  was  discarded 
with  the  impurities  which  were  later  resuspended  in  water  and  re- 
centrifuged.  The  starch  was  then  washed  in  alcohol  and  ether  and 
air  dried.  However,  upon  testing  with  Millon's  reagent,  considerable 
quantities  of  protein  were  found  to  be  present  and  chemical  methods 
had  to  be  used  for  further  purification.  A  combination  of  the  methods 
outlined  by  Kajiura  (IS)  and  Tadokoro  and  Sato  (26)  was  adopted. 

The  impure  rice  starch  was  first  washed  wdth  10  per  cent  sodium 
chloride  solution,  and  then  treated  with  sodiiun  hydroxide.  Approxi- 
mately 2}^  liters  of  10  per  cent  sodium  chloride  solution  were  used  for 
each  kilogram  of  starch.  After  washing  with  distilled  water  the 
starch  was  treated  with  2)^  liters  of  0.3  per  cent  sodium  hydroxide 
solution  and  allowed  to  stand  for  one  hour.  A  distinct  yellow  layer 
appeared  at  the  top  and  bottom  of  the  container.  The  top  layev  was 
decanted  into  one  Blichner  funnel  and  the  middle  layer  into  a  second. 
Most  of  the  yellow  bottom  layer  was  discarded,  but  the  best  of  it 
was  combined  with  that  in  the  first  funnel.  The  middle  layer  now 
comprised  about  two-thirds  of  the  original  material.  Each  portion 
was  again  washed  wdth  0.3  per  cent  sodium  hydroxide.  The  upper 
dark  yellow  portion  in  each  case  was  filtered  and  discarded.  Tests 
with  Millon's  reagent  at  this  point  gave  a  negative  protein  reaction. 
The  purified  product  was  washed  with  distilled  water  until  a  hydrogen- 
ion  concentration  of  7  to  7.2  was  shown  by  Clark's  (4)  colorimetric 
tubes  when  cresol  red  and  phenol  red  were  used  as  indicators.  The 
commercial  product  showed  a  hydrogen-ion  concentration  of  7.2  to  7.4. 

The  advisability  of  using  either  the  corn  or  the  rice  starch  which 
was  prepared  in  the  laboratory  has  been  questioned  because  of  the 
alkali  treatment  in  its  preparation.  Nevertheless,  these  starches  w^ere 
used  in  determinations  testing  the  stiffness  produced  in  fabrics  by 
different  starch  pastes  and  the  results  were  compared  with  those  on 
commercial  and  other  laboratory  preparations. 

DESICCATION  OF  STARCHES 

* 

It  has  been  pointed  out  that  heat  has  a  marked  effect  upon  the  de- 
composition of  starch.  Knecht  (14)  has  shown  that  starch  in  sealed 
tubes  at  93°  F.  turned  cream-colored  in  one  week  and  brown  in  two 
weeks.     The  effect  of  varying  the  time  and  temperature  of  heating 
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was  studied  by  Sherman  and  Baker  {24).  They  have  reported  that 
0.2  per  cent  of  the  starch  became  soluble  after  heating  at  80°  F.  for 
10  minutes  to  1  hour,  0.3  per  cent  after  19  hours,  and  0.35  per  cent 
after  30  hours.  These  reports  show  very  conclusively  that  the  desic- 
cation of  the  starch  in  the  oven  must  be  avoided.  The  method  em- 
ployed was  therefore  that  outlined  by  Rask  and  Alsberg  {21 ) .  The 
starch  was  placed  in  crystallizing  dishes  over  calcium  chloride  in  a 
vacuum  desiccator  in  which  a  vacuum  of  3  centimeters  of  mercury 
was  maintained  for  five  days.  The  moisture  content  at  the  end  of 
this  time  was  determined  for  nine  samples  and  found  to  be  approxi- 
mately 5  per  cent.  The  starch  desiccated  in  this  way  was  stored  over 
calcium  chloride  until  ready  for  use. 

PREPARATION  OF  FABRIC  FOR  SIZING 

Long  cloth  described  in  Table  1  offered  a  uniform,  plain-weave  cot- 
ton fabric  of  desirable  weight,  and  was  selected  for  use  throughout  these 
studies.  The  original  fabric  contained  very  little  sizing  material, 
and  this  was  removed  as  effectively  as  possible  according  to  a  method 
developed  in  this  laboratory  by  A.  Elizabeth  Hill  and  the  writer. 
Ten  to  fourteen  yards  of  fabric  were  desized  at  one  time. 


Table  1, 


-Properties  of  the  long  cloth  that  was  tested  for  stiffness  after  the  various 
starch  pastes  had  been  applied 


Original  fabric 

Desized  fabric 

Weight  per 
square  yard 

Threads  per 
inch 

Tensile 
strength  i 

Tensile 
strength  i 

Warp 

FiUing 

Warp 

Filling 

Warp 

Filling 

Ounces 
2.82 

Orams 
80 

88 

82 

Pounds 
21.6 

Pounds 
19.6 

Pounds 
21.2 

Pounds 
15.1 

1  strip  method. 

The  cloth  was  first  treated  with  a  1  per  cent  sodium  hydroxide 
solution  at  100°  C.  for  30  minutes.  Two  Hters  of  solution  were  used 
for  each  yard  or  80  grams  of  fabric.  The  sodium  hydroxide  treat- 
ment was  followed  by  one  water  rinse  at  100°  C.  and  two  subsequent 
rinses  at  60°  C.  Each  rinse  employed  3  Hters  of  distilled  water  for 
every  80  grams  of  fabric  and  was  carried  out  in  an  oscillating-type 
washing  machine.  The  long  cloth  was  then  treated  with  a  5  per  cent 
acetic  acid  solution  for  30  minutes  at  100°  C,  2  Hters  of  water  being 
used  for  each  80  grams  of  cloth.  There  followed  three  rinses  similar 
to  those  used  after  the  sodium  hydroxide  treatment.  Any  remaining 
acid  was  neutraHzed  by  a  a  boiling  castile-soap  solution  of  .05  per 
cent  concentration.  Two  Hters  of  solution  were  used  for  each  80 
grams  of  fabric.  The  cloth  was  agitated  in  the  soap  solution  in  the 
oscillating  washing  machine  for  15  minutes.  It  was  then  rinsed  as 
before.  The  60°  C.  rinses  were  continued  until  a  neutral  test  to 
phenophthalein  was  given  in  a  concentrated  sample  obtained  by 
boiling  down  800  cubic  centimeters  of  the  wash  water  to  approximately 
10  cubic  centimeters.  An  absolutely  starch-free  sample  was  never 
obtained  by  this  method.      However,  the  method  was  more  effective 
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than  many  which  were  tried  and  less  injurious  to  the  fabric  than 
some  others  which  were  shghtly  more  effective.  I 

SIZING  OF  FABRIC 

To  15  grams  of  the  desiccated  starch,  weighed  in  a  50  cubic  centi- 
meter beaker,  were  added  20  cubic  centimeters  of  cold  distilled  water. 
Three  hundred  and  seventy-five  cubic  centimeters  of  boiling  distilled 
water  were  measured  out  into  a  500  cubic  centimeter  three-necked 
balloon  flask,  and  a  mechanical  stirrer  was  introduced  through  the 
middle  neck.  While  the  stirrer  was  in  motion  the  cold-water  starch 
suspension  was  introduced  through  one  of  the  side  arms,  and  10  cubic 
centimeters  more  of  cold  water  was  used  to  rinse  out  the  beaker,  thus 
making  in  all  30  cubic  centimeters  of  cold  distilled  water  which  was 
added. 

Starch  pastes  are  affected  by  agitation,  as  shown  by  Harrison  (10), 
who  reports  that  the  viscosity  of  potato  starch  is  reduced  from  250 
to  50  by  one  minute  of  shaking  at  16°  C,  and  to  20  by  the  same 
shaking  at  90°  C.  Petit  and  Richard  (19)  subjected  starch  paste, 
contained  in  u  tubes  with  internal  projections,  to  a  blast  of  air  so  as 
to  cause  violent  agitation.  The  product  was  passed  through  filter 
paper  and  gave  a  molecular  rotation  of  210°  C.  Viswanath,  Row, 
and  Ayy anger  (28,  p.  160-163)  had  shown  that  shaking  1  gram  of 
starch  for  one  hour  in  50  cubic  centimetei-s  of  water  at  70°  C.  produced 
44.91  per  cent  Uquef action.  Therefore,  the  time  and  speed  of  stirring 
were  kept  at  a  minimum  and  held  as  constant  as  possible  throughout 
this  series  of  experiments. 

The  balloon  flask  containing  the  starch  paste  was  then  placed  in  a 
boihng- water  bath.  The  two  side  arms  were  closed  and  the  middle 
one  was  attached  to  a  reflux  condenser  to  prevent  loss  of  moisture 
during  the  heating  process. 

^  The  optimum  time  of  heating  and  the  best  temperature  of  applying 
sizing  mixtures  have  been  discussed  in  the  literature,  but  there  is 
much  disagreement  among  the  different  investigators.  Bean  (3) 
states  that  thorough  cooking  is  required  to  prevent  the  size  from 
being  rubbed  off.  Most  writers  agree  that  better  adhesive  qualities 
of  a  starch  paste  are  obtained  if  the  gelatinization  temperature  is 
exceeded.  While  one  finds  fisted  in  a  number  of  places  gelatiniza- 
tion temperature  constants  for  the  various  starches,  there  is  much 
contradiction  in  them,  and  Alsberg  (1)  and  Alsberg  and  Rask  (^), 
who  have  reviewed  the  fiterature  and  made  extensive  studies  along 
these  lines,  have  definitely  shown  that  there  is  a  gelatinization  range 
but  no  constant  for  a  given  starch.  Hinckley  (11),  endeavoring  to 
obtain  an  optimum  condition  for  an  application  of  the  size,  studied 
a  range  of  temperature  from  171°  to  212°  F.  and  showed  advantages 
of  the  lower  sizing  temperature.  MacNider  (16)  advocates  180°  F. 
Farrow  (6)  refers  to  another  work  that  gives  figures  to  prove  that 
better  sizing  results  from  a  high  temperature,  which  is  in  accord  with 
Nivhng's  (17)  ideas  on  this  subject. 

It  has  been  shown  that  the  length  of  time  of  heating  the  starch 
paste  has  an  effect  upon  its  viscosity,  which  in  turn  may  affect  its 
penetrating  power.  Farrow  and  Neale  (7)  made  an  interesting 
study  of  the  wetting  of  yarn  during  sizing  in  order  to  determine  the 
part  played  by  surface  forces,  such  as  viscosity  and  surface  tension. 
Harrison    (10)   has  determined  a  series  of  viscosities  for  different 
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starches,  keeping  a  constant  temperature  of  100°  C,  but  increasing 
the  time  of  heating  the  paste  from  5  minutes  to  eight  hours.  Ginsberg 
(8)  has  also  studied  the  effect  of  prolonged  boihng  upon  the  viscosity 
of  starch  pastes  and  fiUing  mixtures. 

For  this  work  it  did  not  seem  practical,  for  the  present  at  least,  to 
vary  both  temperature  and  time  of  heating  the  paste.  Therefore,  a 
constant  temperature  of  100°  C.  was  maintained  throughout,  while 
the  heating  was  varied  over  a  range  of  from  10  to  60  minutes.  After 
the  flask  had  been  allowed  to  remain  in  the  water  bath  for  a  desired 
length  of  time,  it  was  removed  and  the  paste  poured  into  a  liter  beaker. 

The  dry  desized  sample  of  long  cloth,  11  by  12  inches,  was  dipped 
into  distilled  water  to  wet  it  and  then  wrung  through  a  wringer. 
The  wringer  was  so  adjusted  that  the  same  tension  between  the  rolls 
could  be  obtained  for  the  whole  series  of  experiments.  After  wetting, 
the  fabric  was  dipped  into  the  starch  paste  and  allowed  to  remain 
there  for  three  minutes.  It  was  then  put  through  the  wringer  in  order 
to  remove  the  surplus  paste.  By  stretching  the  fabric  over  a  square 
wooden  frame  and  holding  it  in  place  by  a  second  tightly  fitting 
frame,  a  smooth  surface  was  obtained  when  the  fabric  was  dry. 
This  method  was  found  to  be  more  successful  than  earlier  ones  in 
which  the  samples  were  placed  overnight  in  book  presses  or  dried 
by  being  passed  through  an  electric  ironer  immediately  after  being 
wrung.  In  the  latter  case  the  wet  sample  stuck  to  the  padding  of 
the  ironer,  and  it  was  evident  that  some  starch  came  off.  Further- 
more, it  was  necessary  to  pass  the  sample  through  the  ironer  at  300° 
F.  five  or  six  times  in  order  to  dry  it  thoroughly.  If  the  samples  were 
hung  on  the  line  before  being  put  through  the  ironer,  it  was  impossible 
to  prevent  uneven  drying  even  when  they  were  reversed  frequently. 
Thus,  since  the  moisture  content  at  the  time  of  pressing  was  unknown, 
this  method  was  discontinued.  For  the  same  reason  the  first  method 
of  placing  the  partially  dried  samples  in  book  presses  was  also  dis- 
continued. 

The  dried  fabric  was  marked  off  into  strips  2  inches  wide  and  8 
inches  long,  with  cross  marks  at  every  inch.  The  strips  were  cut  on 
the  paper  cutter  and  hung  overnight  in  a  humidity  room  ^  which 
was  maintained  day  and  night  at  50  per  cent  relative  humidity  and 
at  a  temperature  of  70°  C.  On  the  next  day  the  stiffness  of  the  fabrics 
was  determined  in  the  humidity  room  according  to  a  quantitative 
method  developed  by  the  authors  (pp.  14  to  26). 

EXPERIMENTAL  DATA  AND  CONCLUSIONS 

EFFECT  OF  TIME  OF  HEATING  ON  THE  STIFFENING  POWER  OP  STARCH  PASTE 

Before  any  comparisons  could  be  made  of  the  stiffness  produced 
in  a  given  fabric  by  different  starches,  it  was  first  necessary  to  deter- 
mine whether  or  not  there  existed  for  each  paste  an  optimum  period 
of  heating  for  the  production  of  a  maximum  stiffening  power.  In 
case  the  factor  of  time  had  any  appreciable  effect,  a  comparison  of 
the  stiffening  property  of  the  starches  could  then  be  ascertained  on 
a  basis  of  optimum  conditions  for  each  as  well  as  on  a  basis  of  iden- 
tical treatment.     The  following  ranges  of  time  were  studied:     For 

3  The  constant  temperature  and  relative  humidity  room  in  the  division  of  tests  and  technical  control 
of  the  Qovernment  Printing  Ofllce. 
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potato  starch  from  5  to  60  minutes,  for  wheat  and  corn  starches 
from  10  to  60  minutes,  and  for  rice  starch  from  10  to  80  minutes. 

The  data  collected,  however,  showed  by  the  methods  of  analysis 
employed,  that  over  the  range  studied  the  time  of  heating  the  starch 
pastes  had  no  appreciable  effect  upon  the  stiffness  of  the  fabrics  to 
which  the  pastes  had  been  apphed.  Table  2  gives  these  data  and 
results. 

By  calculating  the  standard  error  of  difference  between  the  means, 
it  is  evident  that  the  degree  of  probability  is  sufficiently  great  to 
attribute  any  variation  in  the  results  obtained  for  the  stiffness  of 
samples  to  the  nonuniformity  of  the  test  fabric  rather  than  to  any 
difference  brought  about  by  differences  in  the  periods  of  time  of 
heating  the  starch  pastes.  In  view  of  these  results,  all  of  the  stiffness 
readings  for  fabrics  sized  with  the  same  starch  were  considered  to- 
gether, irrespective  of  the  length  of  time  for  which  the  corresponding 
pastes  had  been  heated. 

Table  2. — Effect  of  time  of  heeding  the  starch  paste  upon   the  stiffness  produced 

in  a  given  fabric 
STARCH  PREPARED  IN  LABORATORY 


Wheat  starch 

Rice  starch 

Corn  starch 

Potato  starch 

Time  of  heating  starch  paste  in 
water  bath  at  100°  C.  (minutes) 

Num- 
ber of 
samples 
(N) 

Aver- 
age 
stiff- 
ness 1 

Num- 
ber of 
samples 

(N) 

Aver- 

stfff- 
nessi 

Num- 
ber of 
samples 
(N) 

Aver- 
age 
stiff- 
ness 1 

Num- 
ber of 
samples 
(N) 

Aver- 
age 
stifT- 
ness> 

6.. 

16 
16 
16 
32 
32 
24 
24 

38  7 

10 1. 

32 

43.2 

16 

42.9 

16 

42.3 

36  4 

16 

38  9 

20 

32 
32 
32 
32 

43.3 
43.2 
41.6 
42.9 

42.8 
2.7 

16 
16 
16 
16 

41.0 
43.4 
44.6 
42.6 

42.9 
2.1 

16 
16 
16 
16 

41.8 
43.1 
43.8 
42.7 

42.7 
2.0 

36.9 
37.0 
36  0 

30 

40.... 

60 

33  6 

Mean 

36  7 

Standard  deviation 

STARCH  FROM  COMMERCIAL  SOURCE  A 


6— 

16 
16 
16 
32 
32 
24 
24 

41.1 
39.9 
40.3 
40.4 
40.7 
41.2 
38.4 

10 

16 
16 
16 
16 
16 
16 

51.0 

16 

42.2 

16 

40.4 

15.. 

20 

51.7 
52.9 
53.1 
50.7 

16 
16 
12 
12 

4 

43.2 

41.7 
41.4 
42.0 
42.7 

42.2 
2.2 

16 
16 
16 
16 

43.0 
41.3 
41.9 
45.2 

30 

40 

60 

80 

Mean 

51.9 
3.1 

42.4 
3.1 

40.3 
4  2 

Standard  deviation 

CORN  STARCH  FROM  COMMERCIAL  SOURCES  B  AND  C 


Time  of  heating  starch  paste  in  water  bath  at  100°  C .  (minutes) 


Mean 

Standard  deviation. 


FromB 


Number 
of  sam- 
ples (N) 


Average 
stiffness  i 


40.3 
41.7 
40.5 
38.8 
41.3 

40.5 
2.7 


FromC 


Number  !   ,  ^„,„„„ 
ofsam-      Average 


(N) 


stiffness ' 


16 

38.7 

16 

39.8 

16 

38.7 

16 

39.0 

16 

39.5 
39.1 



,2.5 

1  Mean  stiffness  of  N  samples  expressed  as  0.430  X  millimeter  length  of  projected  fabric  supporting  own 
weight  at  45°  angle. 

29753°— 29 2 
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COMPARISON   OF  STIFFNESS  IMPARTED  BY  DIFFERENT  STARCHES 

A  study  Was  made  of  the  stiffening  powers  of  four  different  species 
of  starch,  namely,  com,  wheat,  rice,  and  potato.  Samples  of  each 
of  these  starches  were  prepared  in  the  laboratory  (p.  2)  and  also 
obtained  from  commercial  source  A.  Corn  starch  was  also  secured 
from  commercial  sources  B  and  C.  Comparisons  were  drawn  be- 
tween the  stiffness  of  fabrics  sized  (1)  with  different  species  of  starch 
from  commercial  source  A;  (2)  with  different  species  of  starch  of 
laboratory  preparation;  (3)  with  the  same  species  of  starch  from 
commercial  and  laboratory  sources,  and  (4)  with  the  same  species 
of  starch  from  commercial  sources  A,  B,  and  C. 

With  the  commercially  prepared  starches  from  source  A,  fabrics 
sized  with  the  wheat  starch  were  decidedly  stiffer  than  any  of  the 
others;  com  and  rice  starch  produced  practically  the  same  stiffness; 
while  the  fabric  to  which  the  potato  starch  was  applied  was  least 
stiff.  A  comparison  of  the  starches  prepared  in  the  laboratory 
showed  that  rice,  wheat,  and  corn  produced  practically  the  same 
stiffness,  whereas  the  potato  starch  gave  a  less  stiff  fabric  than  the 
others.  If  the  laboratory  starches  are  compared  with  the  commercial 
product,  it  is  found  that  the  fabrics  sized  with  the  commercial  wheat 
and  potato  starches  are  correspondingly  stiffer  than  those  sized  with 
the  laboratory  preparations  of  these  same  starches.  The  rice  and 
corn  starches  produced  no  apparent  differences.  If  the  different  corn 
starches  are  next  considered,  it  is  shown  that  the  starch  from  com- 
mercial source  A  produced  the  same  stiffness  as  the  laboratory  prep- 
aration; that  from  commercial  source  B  a  slightly  less  stiff  fabric; 
while  the  one  from  commercial  source  C  showed  the  least  stiffening 
power. 

Table  3  gives  a  comparison  of  the  mean  stiffness  values  for  the 
different  starches  studied  and  shows  the  relative  degree  of  probabil- 
ity that  they  possess  true  differences  in  stiffness.  True  differences 
have  been  considered  to  exist  between  the  samples  if  the  difference 
between  the  means  was  three  or  more  times  the  standard  error  of 
difference.  Yule  {32,  p.  269). 

A  hst  of  aU  the  starches  studied,  irrespective  of  the  source  from 
which  they  were  obtained,  is  given  in  Table  4,  in  descending  order 
of  the  ability  of  their  pastes  to  produce  stiffness  in  a  fabric.  The 
corresponding  mean  stiffness  and  standard  deviation  from  the  mean 
are  also  reported  for  each  starch.  This  order  of  stiffening  power  of 
the  different  starch  pastes  does  not  agree  with  the  statements  of 
Wiesner  reported  by  PoUeyn  {20,  p.  22)  and  Standage  {25,  p.  137), 
whose  comparisons  are  given  in  Table  5.  Wiesner,  whose  method 
of  obtaining  stiffness  values  is  described  on  page  14,  has  employed 
different  concentrations  of  starch  paste.  Consequently,  since  his 
comparisons  have  not  been  made  on  the  same  basis  of  concentration, 
they  can  not  be  regarded  as  reliable  without  accompanying  experi- 
mental data  showing  the  effect  of  concentration  upon  the  stiffening 
power  of  the.  paste.  Standage  has  given  no  clue  as  to  the  source  of 
his  authority  or  the  method  used  in  ascertaining  the  starch  compari- 
sons which  he  has  reported.  He  has  given  differences  in  the  stiffen- 
ing power  displayed  by  different  grades  of  the  same  species  of  starch, 
but  has  not  reported  observations  made  upon  first-class  grades  of 
the  same  species  from  different  commercial  sources. 


STIFFNESS    IN   FABRICS   PRODUCED   BY   STARCHES 


11 


Table  3. — Comparison  of  the  stiffening  powers  of  several   starches   determined  by 
comparing  the  stiffness  produced  in  a  fabric  by  the  different  starch  pastes  ^ 


Starches  compared 

Mean 
stiffness 

of  AT 

samples 

• 
Standard 

Differ- 

Ratio of 
mean 

Compari- 
son of 

stiffening 
powers 

expressed 

error  of 

ence 

stiffness 

of  one 

Number 

as  0.430X 

difference 

between 

differ- 

starch in 

of  sam- 

milli- 

Standard 

between 

mean 

ence  to 

terms  of 

Starch 

Source 

ples  of 
stiffened 
fabric  N 

meter 
length  of 
projected 

deviation 
0- 

mean  stiff- 
ness values, 

stiffness 
produced 
by  two 

standard 
error  of 
differ- 

another 
assuming 
the  one  to 

fabric 
support- 
ing own 
weight 

at  45° 
angle,  M 

starches. 
Mi- Mi 

ence, 
M^-Mi 

possess 

100 

per  cent 

stiffening 

action 

Wheat... 

Commercial  A.. 

80 

51.9 

3.1 

0.49 

9.5 

19.5 

/           100 

Corn 

do 

80 

42.4 

3.1 

1             81 

Do 

do 

80 

42.4 

3.1 

.43 

.2 

.4 

/           100 

Rice 

do 

76 

42.2 

2.2 

'100 

Do 

do.... 

76 

42.2 

2.2 

.42 

1.9 

4.6 

/           100 

Potato.. - 

do.-... 

160 

40.3 

4.2 

96 

Wheat... 
Rice 

do 

do 

80 
76 

51.9 
42.2 

3.1 
2.2 

.43 

9.7 

22.7 

/           100 

I              81 

Wheat... 

do 

80 

51.9 

3.1 

.48 

11.6 

24.2 

/           100 

Potato... 

do 

160 

40.3 

4.2 

I             78 

Corn 

do. 

80 

42.4 

3.1 

.48 

2.1 

4.4 

/           100 

Potato... 

do 

160 

40.3 

4.2 

\              95 

Rice 

Laboratory 

80 

42.9 

2.1 

100 

preparation. 

.31 

.1 

.2 

Wheat... 

do 

160 

42.8 

2.7 

MOO 

Do 

do 

160 

42.8 

2.7 

.31 

.2 

.5 

100 

Corn 

do 

76 

42.7 

2.0 

»100 

Do 

do 

76 

42.7 

2.0 

.42 

6:0 

14.2 

100 

Potato.. - 

do 

160 

36.7 

4.5 

86 

Rice 

do 

80 

42.9 

2.1 

.32 

.2 

.7 

100 

Corn 

do 

76 

42.7 

2.0 

UOO 
100 

Rice 

do 

80 

42.9 

2.1 

.42 

6.2 

14.7 

Potato.. - 

do 

160 

36.7 

4.5 

86 

Wheat... 

do 

160 

42.8 

2.7 

.41 

6.1 

14.8 

100 

Potato... 

do 

160 

36.7 

4.5 

86 

Wheat... 

Commercial  A.. 

80 

51.9 

3.1 

.41 

9.0 

22,4 

,  100 

Do 

Laboratory 

160 

42.8 

2.7 

1             82 

preparation. 

Corn 

Commercial  A.. 

80 

42.4 

3.1 

}         •« 

.3 

.8 

/         UOO 

Do 

Laboratory 

76 

42.7 

2.0 

I           100 

preparation. 

Rice 

Commercial  A.. 

76 

42.2 

2.2 

.34 

.7 

2.2 

f              98 

Do 

Laboratory 

80 

42.9 

2.1 

\           100 

preparation. 

Potato..- 

Commercial  A.. 

160 

40.3 

4.2 

.49 

3.6 

7.3 

/            100 

Do 

Laboratory 

160 

36.7 

4.5 

I              91 

preparation. 

Corn 

Commercial  A.. 

80 

42.4 

3.1 

}               .3S 

.3 

.8 

/         »  100 

Do 

Laboratory 

76 

42.7 

2.0 

\            100 

preparation. 

Do. 

Commercial  A.. 

80 

42.4 

3.1 

.46 

1.9 

4.0 

r        100 

Do 

Commercial  B.. 

80 

40.5 

2.7 

96 

Do 

Commercial  A.. 

80 

42.4 

3.1 

3.2 

7.3 

100 

Do 

Commercial  C 

80 

39.1 

2.5 

.45 

92 

Do 

Commercial  B.. 

80 

40.5 

2.7 

.41 

L4 

3.4 

100 

Do 

Commercial  C. 

80 

39.1 

2.5 

97 

Do 

Commercial  B.. 

80 

40.5 

2.7 

.38 

2.2 

5.8 

f              95 

Do 

Laboratory 

76 

42.7 

2.0 

i            100 

preparation. 

Do 

Commercial  C. 

80 

39.1 

2.5 

1 

3.6 

9.9 

f             92 
i            100 

Do 

Laboratory 

76 

42.7 

2.0 

preparation. 

i.It  has  not  been  considered  worth  while  to  give  the  corresponding  numbers  for  the  elastic  modulus  of 
the  starched  fabrics  since,  in  the  opinion  of  the  author,  they  have  only  a  comparative  value.  The  elastic 
modulus  for  the  samples  under  observation  varied  from  15,000  to  44,000  dynas  per  square  centimeter  as 
compared  with  2,000,000,000,000  for  mild  steel. 

2  Since  the  difference  between  the  means  is  less  than  three  times  the  standard  error  of  difference  a  true 
difference  can  not  be  considered  to  exist  between  the  samples* 
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Table  4. — Arrangement  of  starches  in  descending  order  of  the  ability  of  their  pastes 
{3.7  per  cent  starch)  to  produce  stiffness  in  a  given  fabric 


Starch 

• 
Source 

Number 
of  sam- 
ples (N) 

Mean 

stillness  i 

M 

Standard 
devia- 
tion 
a 

Coeffi- 
cient of 
variation 

(T 

M 

Wheat 

Commercial  A 

80 
80 

160 
76 
80 
76 
80 

160 
80 

160 

51.9 
42.9 
42.8 
42.7 
42.4 
42.2 
40.5 
40.3 
39.1 
36.7 

3.1 
2.1 
2.7 
2.0 
3.1 
2.2 
2.7 
4.2 
2.5 
4.6 

Per  cent 
5.9 

Rice 

Laboratory  preparation 

4.8 

Wheat               

do 

6.3 

Corn 

do 

4.6 

Do 

Commercial  A 

7.3 

Rice                   .... 

do 

6.2 

Corn 

Commercial  B 

6.7 

Potato 

10.5 

Corn 

Commercial  C 

6.4 

Potato 

Laboratory  preparation 

12.1 

1  Mean  stiffness  of  N  samples  expressed  as  0.430  X  millimeter  length  of  projected  fabric  supporting  own 
weight  at  45°  angle. 

Table  5. — Stiffening  powers  of  the  different  starch  pastes  employed  as  sizing  agents 
according  to  reports  by  Wiesner  and  Standage 


According  to  Standage 

According  to  Wiesner 

Starch 

Relative 
stiffness 
produced 
by  starch 
paste  re- 
ferred to 
rice  100 
as  stand- 
ard 

Starch 

Lengths 
of  pro- 
jected 
bends  of 
yarn  in- 
dicative 
of  stiff- 
ness 

Concen- 
tration 

of  starch 
paste 

100 
95 
91 
85 
80 
68 
65 

Mm. 
223.7 
215.8 
213.6 

Per  cent 
7.6 

Grade  A  rice 

Wheat-- 

7.9 

Grade  B  rice 

Potato. - 

15.6 

Wheat 

Potato  pure 

The  standard  deviations  calculated  for  each  ^roup  of  stiffness 
values  show  that  there  is  a  considerable  variation  between  the 
samples  of  the  same  starch.  This  variation  may  be  due  to  one  or 
more  of  several  possible  causes.  The  nonuniformity  of  a  textile 
fabric  itself  and  the  great  difficulty  in  obtaining  a  uniform  distribu- 
tion of  the  size  over  the  surface  of  the  fabric  were  the  greatest  uncon- 
trollable factors.  Especially  was  difficulty  experienced  in  obtaining 
a  uniform  distribution  of  the  potato-starch  paste  because  of  the  much 
more  viscous  character  of  this  paste.  The  inaccuracies  resulting 
from  this  difficulty  are  plainly  seen  in  the  increased  standard  devia- 
tion of  the  stiffness  produced  by  potato  starch  as  compared  with  those 
produced  by  the  other  starches. 


EFFECT  OF  STARCH  PASTE  CONCENTRATION  ON  THE  STIFFNESS  PRODUCED 

Preliminary  work  was  started  in  order  to  determine  the  effect  of 
the  concentration  of  the  starch  paste  on  the  stiffness  produced  in  a 
fabric.     The  standard  paste  mixture  (p.  7)  was  made,  and  to  that 
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were  added  from  10  to  100  cubic  centimeters  of  water.  In  every 
case  dealing  with  concentration  the  pastes  remained  in  the  water 
bath  at  100°  C.  for  30  minutes.  The  resulting  stiffnesses  obtained 
tend  to  indicate  that  in  the  cases  of  wheat,  rice,  and  corn  starches 
any  addition  of  water  to  a  paste  containing  3.7  per  cent  starch  pro- 
duces a  falling  off  in  the  stiffness  reading  of  the  fabric  over  the  range 
of  concentrations  studied.  In  the  case  of  potato  starch,  however,  as 
much  as  90  to  100  cubic  centimeters  of  additional  water  were  neces- 
sary before  a  decrease  in  stiffness  readings  resulted.  An  explanation 
for  this  observation  might  be  given  in  that  the  very  viscous  pastes 
do  not  penetrate  the  fabric  but  remain  on  the  surface  to  be  scraped  off 
as  the  cloth  passes  between  the  rolls  of  the  wringer.  As  the  concen- 
tration is  reduced,  more  starch  actually  remains  in  the  fabric  after 
it  has  passed  the  wringer  and  a  stiffer  fabric  results.  These  obser- 
vations suggest  an  interesting  study 
in  the  correlation  of  the  viscosity 
of  the  starch  pastes  with  the  stiffness 
of  the  sized  fabrics.  An  attempt 
was  made  to  estimate  the  amount 
of  starch  that  had  been  deposited 
by  weighing  the  starched  and  un- 
starched fabric.  However,  the  weight 
of  the  starch  that  remained  on  the 
fabric  impregnated  with  the  pastes 
of  the  concentration  used  in  these 
experiments  was  found  to  be  less 
than  the  variation  in  the  weight  of 
the  fabric  itself. 

EFFECT   OF  FOREIGN  SUBSTANCES   ADDED 
TO  THE  STARCH   PASTE 

From  1  to  4  grams  of  borax  were 
added  successively  to  the  standard 

paste  made  with  commercial  A  corn  Figure  l.-The  efrect  of  borax  upon  the  stiffness 
^,         ,  rrM  />    1     •         •  1      •  of  a  sized  fabric 

starch.       Ihe   fabric    mcreased    m 

stiffness  from  42.2  to  46.5  w^ith  the  addition  of  the  borax  up  to  3 
grams,  beyond  which  the  further  addition  of  borax  produced  a  less 
stiff  fabric  (Fig.  1.)  A  possible  explanation  might  be  given  in  that 
the  alkaline  action  of  the  borax  caused  a  partial  hydrolysis  of  the 
starch.  The  resulting  lowering  of  the  viscosity  produced  a  better 
penetrating  paste  and  consequently  a  greater  deposit  of  starch  and  a 
stiffer  fabric.  An  excess  of  borax  may  cause  too  great  an  hydrolysis, 
which  destroys  the  adhesive  qualities  of  the  paste,  and  the  stiffness 
of  the  fabric  decreases. 

Preliminary  experiments  tended  to  show  that  salt,  beeswax,  paraf- 
fin, and  hydrogenated  vegetable  oil  up  to  4  grams  per  15  grams  of 
starch  had  no  appreciable  effect  on  the  stiffness  produced  by  corn- 
starch paste  as  shown  by  the  method  that  was  used  in  measuring 
stiffness. 


O  /  2 
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A  QUANTITATIVE  METHOD  FOR  MEASURING  STIFFNESS 

By  Esther  C.  Peterson  and  Tobias  Dantzig 

In  establishing  any  criterion  of  stiffness  for  flexible  materials,  certain 
requirements  should  be  met.  The  method  should  be  quantitative, 
thereby  providing  a  numerical  expression  of  stiffness.  It  should  be 
sufficiently  general  to  permit  the  scale  and  the  unit  selected  to  be  ap- 
plicable to  a  great  variety  of  materials,  yet  sensitive  enough  to  indicate 
variations  in  stiffness  produced  by  the  different  materials  in  question. 
The  application  of  the  method  should  be  practical  and  should  require 
but  simple  apparatus  and  manipulation.  Above  all,  the  method 
should  be  scientific,  based  upon  the  fundamental  laws  which  govern 
the  phenomenon. 

The  only  method  for  determining  the  stiffness  of  textile  fabrics 
which  is  reported  in  the  literature  is  the  one  suggested  by  Grimshaw 
(9).  However,  methods  have  been  given  for  measuring  the  stiffness 
of  other  materials,  the  most  analogous  of  which  are  those  applied  to 
yarns  and  paper. 

Policy n  (20,  ^.  22)  has  cited  Wiesner's  procedure  for  testing  the 
stiffness  of  yarns  in  which  he  used  a  projecting  method  slightly  differ- 
ent from  that  employed  by  Grimshaw.  Wiesner  clamped  the  yarn 
in  a  vertical  position  with  the  free  end  extended  upwards.  By 
gradually  raising  the  clamp,  a  position  was  reached  where  the  thread 
bent  forward  until  the  tip  was  on  the  same  horizontal  plane  as  the 
clamp.  The  length  of  the  bend  when  the  thread  was  clamped  in  this 
position  gave  a  relative  measure  of  the  stiffness  of  the  yarn. 

After  the  work  in  the  Bureau  of  Home  Economics  was  well  under 
way,  Ewald  (5)  reported  the  development  of  an  instrument  for  meas- 
uring the  stiffness  of  paper.  He  expresses  stiffness  in  terms  of  the  dis- 
tance a  given  weight  can  be  moved  from  the  fixed  to  the  free  end  of 
a  horizontally  projected  strip  of  paper  before  the  strip  gives  way 
under  the  weight. 

Viscosity  determinations  have  been  cited  (29)  as  indirectly  indi- 
cating the  stiffening  effect  produced  in  a  fabric  by  a  given  starch 
paste.  However,  the  viscosity  determinations  frequently  made  in  the 
mills  act  merely  as  a  check  upon  the  uniformity  of  the  sizing  mixtures 
themselves  and  have  never  been  correlated  with  the  resultant  stiff- 
ness of  the  fabrics  to  which  they  have  been  applied.  Since  Grim- 
shaw's  method  is  the  only  one  reported  that  applies  directly  to  the 
measurement  of  fabric  stiffness,  it  will  be  considered  in  detail. 

Grimshaw  (9)  considered  the  stiffness  of  a  fabric  to  be  the  ability 
of  that  fabric  to  support  its  own  weight.  Accordingly  he  projected 
from  a  horizontal  clamp  a  2  by  8  inch  strip  of  sized  fabric.  Inch 
lengths  had  been  previously  marked  along  the  strips,  and  each  strip 
was  clamped  so  that  2,  3,  4,  5,  and  6  inch  lengths  were  successively 
projected.  The  clamp  was  so  placed  that  the  strips  fell  directly  in 
front  of  an  accurately  adjusted  graph  paper.  The  inch  positions  on 
each  of  the  projected  lengths  were  indicated  on  the  graph  and  these 
points  used  to  plot  rough  curves  for  the  projected  fabrics.  By  placing 
several  curves  on  the  same  sheet  of  paper  Grimshaw  was  able  to 
estimate  relative  differences  in  stiffness  from  a  study  of  the  graphs. 
While  this  method  showed  qualitative  differences  in  the  stiffness  of 
variously  sized  fabrics,  no  report  has  been  found  to  indicate  that 
Grimshaw  has  ever  attempted  to  interpret  his  results  mathematically 
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or  to  develop  a  numerical  measure  of  stiffness.  In  the  section  which 
follows,  it  will  be  shown  that  the  principle  utilized  by  him  serves  as  a 
point  of  departure  for  establishing  a  quantitative  method  for  meas- 
uring the  stiffness  of  fabrics. 

MATHEMATICAL  DEVELOPMENT   OF  A  QUANTITATIVE  MEASURE 

OF  STIFFNESS 

Any  consideration  of  the  fundamental  physical  laws  governing  the 
stiffness  of  fabrics  suggests  an  analogy  with  the  stiffness  of  metals. 
There,  stiffness  finds  an  expression  in  the  so-called  Young's  modulus, 
which  is  numerically  the  force  that  will  produce  unit  deformation 
when  applied  to  the  stretching  of  a  cylindrical  bar  of  the  material  of 
unit  length  and  unit  cross-sectional  area. 


Figure  2.— Geometrical  formulation  governing  the  stiffness  of  a  fabric  in  which  OPF  represents  the  elastic 
cm-ve  of  a  projected  strip  of  fabric  clamped  at  the  point  0;  TP  the  tangent  to  the  curve  at  any  point  P 
whose  coordinates  are  x  and  y;  TF  the  tangent  at  the  free  end  F  whose  coordinates  are  u  and  v;  and  Q 
any  point  on  the  curve  to  the  right  of  P.  Tangent  TP  makes  an  angle  0  and  tangent  T' F  an  angle  w 
with  the  X  axis 

The  method  of  measuring  the  elastic  modulus  of  metals  is  direct 
and  involves  a  comparatively  elaborate  procedure.  No  attempt  to 
simplify  this  procedure  has  been  made,  probably  because  the  modulus 
varies  but  little  with  differences  in  heat  treatment  and  composition. 
But,  even  if  such  a  simplified  procedure  were  known,  its  direct 
application  to  textiles  would  present  unsurmountable  difficulties, 
chiefly  due  to  the  lack  of  uniformity  in  the  fibrous  texture  and  to 
the  tendency  of  the  material  to  warp  and  stretch  under  deformation. 

Fortunately,  there  are  a  great  number  of  problems  in  the  elastic 
equilibrium  of  bodies  that  depend  on  the  modulus,  and  these  suggest 
several  indirect  methods  for  the  measure  of  stiffness.  Among  such 
methods  is  flexure,  and  it  presents  but  few  obstacles  in  application. 
The  principle  involved  depends  on  the  deformation  of  a  supported 
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strip  bent  under  its  own  weight,  which  is  the  same  as  that  underiying 
Grimshaw's  method.  A  mathematical  formulation  of  this  principle 
is  as  follows: 

Consider  a  rectangular  strip  of  breadth  h,  thickness  7i,  and  length 
Z,  clamped  in  a  horizontal  plane  XOX  and  actuated  by  its  own  weight. 
The  strip  will  assume  a  position  of  equilibrium.  This  is  shown  in 
Figure  2  in  OPF,  with  0  as  the  point  of  clamping,  F  the  free  end, 
and  P  any  point  on  the  elastic  line.  The  vertical  plane  containing 
a  longitudinal  section  is  taken  for  the  coordinate  plane,  and  the 
horizontal  and  vertical  lines  passing  through  the  fixed  point  are 
taken  for  the  axes.  The  coordinates  of  P  are  denoted  by  x  and  y, 
those  of  the  free  end  F  hj  u  and  v.  In  what  follows  the  purpose  is 
to  investigate  the  shape  of  the  elastic  line,  and  particularly  the  posi- 
tion of  the  point  F  which  obviously  is  a  function  of  four  variables; 
namely,  the  elastic  modulus  of  the  material  E,  its  specific  weight  w, 
its  thickness  h,  and  the  free  length  of  the  strip  I. 

Consider  a  cross  section  through  P.  The  line  perpendicular  to  the 
plane  XOY  and  passing  through  the  center  of  this  cross  section  is 
called  the  neutral  axis.  /  denotes  the  moment  of  inertia  of  this  cross 
section  with  respect  to  its  neutral  axis  and  may  be  expressed 

(1)  I=^hTi ' 

The  bending  stresses  acting  to  the  right  of  this  cross  section  exert 
couples  on-the  portion  to  the  left,  and  these  couples  have  a  resultant 
with  respect  to  the  neutral  axis  at  P  which  is  called  the  bending 
moment  and  is  denoted  by  M.  if  is  a  function  of  the  abscissa  x  of 
the  point  P  given  by  the  integral 

(2)  Mix)  =  jl  {X-x)whMS  =  whhjl   (^-x)  dS 

In  this  equation  s  is  the  length  of  the  arc  OP,  while  X  and  S  are 
respectively  the  abscissa  and  the  arc  relative  to  an  arbitrary  point 
Q  of  the  portion  to  the  right  of  P. 

The  fundamental  equation  of  flexure,  the  so-called  Euler-Bernoulli 
equation,  establishes  a  connection  between  the  bending  moment 
and  the  curvature  K  of  the  elastic  line  at  P.    The  relation  is 

(3)  EIK=  M 

In  the  classical  theory  of  flexure  of  beams  this  equation  can  be 
solved  by  elementary  methods  because  there  a  relatively  small  flexi- 
bility of  the  beam  is  the  only  case  of  practical  importance.  Thus  the 
elastic  line  is  nearly  straight,  and  it  is  justifiable  to  assume  S  =  X  so 
that  equation  2  is  integrated  without  much  difficulty.  Furthermore, 
the  curvature  is  given  by 

dhj 

j^_  dx^ 


b<m 


% 


and  since  the  slope  ^  at  P  is  very  small,  the  curvature  K  can  with 
excellent  approximation  be  taken  equal  to  V^- 
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The  case  of  a  flexible  strip,  in  the  present  study  can  not  be  handled 
in  this  manner.  It  requires  the  introduction  of  an  auxihary  unknown, 
the  angle  of  contingency  <^,  which  the  tangent  at  P  makes  with  the 
horizontal.     Then  by  definition 

(^)     .  ^=S 

and  equation  (3)  becomes 

The  constant  entering  in  the  left  side  of  this  equation  has  the 

/  EI\ 
dimension  of  a  cube  of  a  length.     Thusf  — tt  jmay  be  set  equal  to  &, 

,_  EI  _  1  El¥  _  1  E¥ 
^^^  ^     whh     12  whh     12  w 

The  solution  of  equation  5  will  determine  </>  as  a  function  of  s,  Z,  and  c. 

(7)  <f>  =  H{s,l,c). 

The  inclination,  co,  of  the  tangent  at  the  free  end  would  then  be 
obtained  by  setting s  =  Zin  (7). 

(70  _  a>  =  H{l,l,c) 

Furthermore,  since 

^     dx^.^        dy 
cos  <^=  J-  and  sm  </>=  —  -j- 

The  following  equations  are  obtained  by  integration 

X  =  J*  COS0^S=/(.S,  Z,c) 

(8)  y=-  jl  sin  <t>  ds  =  g(s,  I,  c) 

from  which,  by  substitution  s^l,  the  coordinates  of  the  free  end  can  be 
determined. 

u=J(l,  Z,  c) 
(80 

v-g{l,l,c) 

The  determination  of  the  functions  n,J,  and  g,  involve  mathematical 
manipulations  and  approximations.  Details  of  these  are  given  in  a 
paper  by  one  of  the  coauthors*  of  this  report.  It  is  shown  there  that 
the  problem  can  be  reduced  to  the  solution  of  the  differential  equation : 

(9)  c'^,+  {l-s)  cos  0  =  0 

<  Dantzig,  T.,  on  the  equilibrium  of  an  elastic  blade.    [Paper  read  Dec.  3, 1927,  before  W'ashington, 
D.  C,  section,  Mathematical  Association  of  America.] 
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under  the  boundary  conditions 


(10) 


^=Ofor.  =  Z 


(f>  =  OioT  s  =  0 


Equation  9  can  be  integrated  into  a  power  series  which  contains 
only  powers  of  (l  —  s)  having  exponents  which  are  multiples  of  3. 
The  first  terms  of  this  expansion  are : 


(„,  ..„-(i„..)(t-.j-(j| 


sm  CO  cos  CO 


)(¥)• 


Figure  3. — The  same  geometrical  formulation  governing  the  stiffness  of  fabrics  given  in  Figure  2  referred  to 
axes  X,  Y  composed  of  the  tangent  to  the  curve  at  the  free  end  F  and  the  normal  to  the  tangent  at  that 
point.  The  chord  subtending  the  arc  assumed  by  the  elastic  curve  is  represented  by  r  and  makes  an  angle 
d  with  the  original  set  of  axes  X,  Y  and  an  angle  \^  with  the  new  set  of  axes  X,  Y 

This  series  converges  very  rapidly  when  (l  —  s)  is  less  than  c,  and  even 
when  (l  —  s)  is  greater  than  c,  provided  the  ratio  {l—s)/c  is  not  very 
large.  For  the  purpose  of  this  paper  a  sufficiently  good  approxima- 
tion is  obtained  by  employing  only  the  first  two  terms  of  the  series 


(11') 


CO— 0  =^COS  CO 


('-?)■ 


If  this  approximation  is  adopted  for  all  points  of  the  elastic  line,  then 
from  the  boundary  conditions  s  =  0,  0  =  0,  the  following  equation  is 
obtained : 


(12) 


cos  CO      \C/ 
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This  establishes  the  relation  between  the  free  length  I  and  the  angle  w. 

The  equation  of  the  elastic  line  assumes  a  particularly  simple  form 
when  the  tangent  and  the  normal  at  the  free  end  are  taken  for  the 
new  coordinate  axes.     (Fig.  3.) 

Letx,  y  denote  the  new  coordinates.  The  transformation  from  the 
old  to  the  new  coordinates  can  be  made  by  means  of  the  following 
equations: 

X  =  (x  —  u)  COS  oi—  {y  —  v)  sin  co 

(13)  — 

^  y={x  —  u)smoi+{y  —  v)co^(j3 

The  same  approximations  are  obtained  by  means  of  equations  8 
and  13. 

^  =  s  —  Z 

(14)  -      1        [s-iy 

By  eliminating  {s—l)  in  equations  14,  the  equation  of  the  elastic  line 
in  cartesian  form  is  obtained. 

Thus,  it  can  be  stated  with  good  approximation  that  the  elastic 
line  has  the  shape  of  a  quartic  parabola  with  vertex  at  the  free  end.^ 
At  this  point  the  curvature  and  its  first  derivative  vanish;  the  curve 
is  very  flat  at  the  free  end.  Furthermore,  it  is  deduced  from  equation 
14  that  the  distance  y  from  any  point  P  on  the  elastic  line  to  the 
extreme  tangent  is  an  infinitesimal  of  the  fourth  order  with  respect 
to  the  arc  PF  and  therefore  also  with  respect  to  abscissa  x.  There- 
fore, by  setting  PF=  (l  —  s),  it  follows  that 

(16)  r  =  OF=el 

Where  6  is  a  positive  number  slightly  less  than  1,  and  which  rapidly 
tends  to  1  when  I  approaches  0.  Finally,  if  \j/  denotes  the  angle 
OFT  =  angle  FOM,  then 

.     ,     MF     I   cos  CO  Z*      I 
sm^  =  ^=24^r?=S'^ 

The  angle  ^  is,  therefore,  approximately  equal  to  one-fourth  of  the 
angle  co. 

(17)  ^  =  T  ^,  and  the  polar  angle  6  =  FOX 

(18)  6'  =  co-.A=(3/4)co 

Equations  12,  16,  and  18  permit  the  following  approximate  polar 
equation  of  the  locus  of  the  free  end : 


v; 


V  cos (4/3)0 

r  c 

In  Table  5  are  given  the  values  of  the  functions  -  and  -  in  terms  of  6 

assuming  e  =  1.     The  locus  is  shown  in  Figure  4. 

5  Hopwood  (12)  in  studying  the  elastic  properties  of  lead,  tin,  and  cadmium  wires  determined  the  elastic 
curve  assumed  by  the  wires  falling  under  their  own  weight  to  be  a  parabola  of  the  type  x=ay°  with  the 
origin  at  the  point  of  clamping  and  the  horizontal  and  vertical  directions,  the  z  and  y  axes,  respectively. 
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Table  5. — Values  of  the  functions  —  and  —  in  terms  of  0   assuming  e=l  in  the 


equation   r 


=  2ecJ- 
Vc 


which   represents    the   locus   of  the  free   end   of  a 


cos  (4/3) 
projected  strip  of  fabric  in  polar  coordinates 

[The  symbol  r  represents  the  length  of  the  chord  subtending  the  elastic  curve,  c  the  stiffness,  d  the  angle  In 
which  r  makes  with  the  x  axis,  and  e  the  ratio  of  r  to  the  length  of  the  strip] 


0in 
degrees 

' 

5 

10 

20 

30 

40 

45 

50 

60 

67^ 

r/c 
c/r 

0 

CO 

0.889 
1.125 

1.138 
0.889 

1.462 
0.685 

1.762 
0.568 

2.108 
0.475 

2.  325 
0.  4301 

2.600 
0.385 

3.640 
0.275 

00 

0 

Because  of  the   approximating  assumptions,  Table  5  and  Figure 
4  should  not  be  relied  upon  for  6  greater  than  60°. 


EXPERIMENTAL  VERIFICATION 


In  order  to  verify  experimentally  the  above  interpretation,  approx- 
imately 50  photographs  were  taken  of  projected  fabrics  in  an  effort  to 
get  an  exact  representation  of  the  curves  assumed  by  strips  falling 


J-" 


Figure  4.— The  locus  of  the  free  end  of  a  projected  strip  of  fabric  in 
polar  coordinates  in  terms  of  r  and  c  for  different  values  of  0  as- 
suming e  =  1 .  The  values  of  -  corresponding  to  the  different  angles 
are  given  in  Table  5 

under  their  ov^n  weight.  A  constant  length  of  4  inches  was  used 
throughout,  and  the  degree  of  stiffness  of  the  fabrics  varied  over  a 
wide  range.  Table  6  gives  the  characteristic  features  of  some  of 
these  curves.  Shadow  curves  were  also  obtained  and  carefully  plotted. 
These  were  more  clear-cut  and  accurate  than  the  photographs,  since 
the  method  used  in  obtaining  them  eliminated  any  chance  of  fore- 
shortening which  may  have  entered  in  the  case  of  the  photographic 
work.  Table  7  gives  the  various  properties  of  the  shadow  curves  for 
strips  3  inches  long,  and  Table  8  gives  the  properties  of  the  4-inch  strips. 
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Table  6. — Characteristics  of  the  elastic  curves  assumed  hy  4-inch  lengths  of  projected 
fabrics  as  shown  photographically 


Sample  No. 

Length 

of  chord 

subtending 

elastic 

curve 

assumed 

by  pro- 
jected 

strip  of 
fabric 

Ratio 
of  chord 
of  elastic 
curve  to 
length  of 
strip  of 

fabric 

Angle  the 

tangent 

to  free 

end  of 

projected 

strip  makes 

with  I 

axis 

Angle 

chord  (r) 

of  elastic 

curve 

makes 

with  a; 

axis 

1  w 

e 

1 

r  in  inches 
4.19 
4.03 
4.06 
4.06 
4.06 
4.03 
4.03 
4.03 
4.00 
4.06 
4.09 
4.06 
4.00 
4.03 
4.00 
4.03 
4.03 
4.00 
3.90 
3.93 
4.00 
3.93 
3.93 
3.93 
4.00 

0. 9815 
.9449 
.9522 
.9522 
.9522 
.9449 
.9449 
.9449 
.9375 
.9522 
.9595 
.9522 
.9375 
.9449 
.9375 
.9449 
.9449 
.9375 
.9229 
.9302 
.9375 
.9302 
.9302 
.9302 
.9375 

w  in  degrees 
17.0 
19.0 
37.0 
51.5 
52.5 
52.5 
56.5 
60.0 
64.0 
61.0 
63.0 
62.0 
63.0 
66.0 
68.5 
70.5 
73.0 
74.0 
71.5 
72.0 
73.5 
73.5 
77.0 
75.5 
75.0 

e  in  degrees 
11.5 
13.7 
28.0 
39.5 
40.3 
39.5 
44.0 
'      47.3 
47.0 
48.5 
51.5 
52.0 
63.0 
54.0 
54.5 
56.5 
59.0 
58.7 
58.0 
59.5 
60.0 
60.5 
62.0 
63.0 
63.0 

1.478 

2-- 

1.387 

3                                                                     

1.322 

4 

1.304 

5.-           

1.303 

6                                                                     

1.329 

7 

1.284 

8-     

1.269 

9 

1.362 

10 

1.258 

11..                    

1.223 

12 

1.192 

13 

1.189 

14      .                       ....               

1.222 

15 

L257 

16 

L248 

17     . 

1.237 

18 

1.261 

19-- 

1.233 

20     . 

1.210 

21 

1.225 

22.    

1.215 

23 

1.242 

24... 

1.198 

25... ' 

1.  191 

1  Theoretical  value 


.333. 


'  In  photographing  the  fabrics  an  enlargement  of  sixteen-flfteenths  was  made  as  shown  by  graph  i)aper 
behind  the  projected  strips.    Therefore,  in  calculating  e,  I  was  assumed  to  be  4^i5. 


Table  7.- 


-Characteristics  of  the  elastic  curves  assumed  hy  3-inch  lengths  of 
projected  fabric  as  shown  by  shadow  curves 


Sample  No. 

Length 
of  chord 
subtending 
elastic 
curve 
assumed 
by  pro- 
jected 
strip  of 
fabric 

Ratio 
of  chord 
of  elastic 
curve  to 
length  of 
strip  of 

fabric 

Angle  the 

tangent 

to  free 

end  of 

projected 

strip  makes 

with  I 

axis 

Angle 

chord  (r) 

of  elastic 

curve 

makes 

with  X 

axis 

0 

1 

r  in  inches 
2.87 
2.87 
2.93 
2.90 
2.93 
2.93 
2.93 
2.93 
2.93 
2.93 
2.93 
2.93 
2.90 
2.87 

e=rlt 
0.9684 
.9684 
.9896 
.9790 
.9896 
.9896 
.9896 
.9896 
.9896 
.9896 
.9896 
.9896 
.9790 
.9684 

« in  degrees 
42.0 
25.0 
38.5 
38.5 
45.5 
40.5 
29.8 
35.5 
36.0 
32.5 
32.8 
40.0 
38.3 
39.3 

e  in  degrees 
31.5 
18.5 
28.5 
30.0 
33.3 
30.0 
23.8 
26.5 
26.0 
24.5 
24.5 
29.5 
28.0 
29.0 

1.333 

2  .. 

1.351 

3 

1.  351 

4 

1.283 

5 

1.366 

6 - 

1.350 

7.   .. 

1.252 

8 

L340 

9. 

1.384 

10 

1.327 

11 

1.339 

12 

L356 

13 

1.368 

14 

1.355 

Mean 

1.340 

0.0332 

Corrective  factor  2.  . 

-f-0.007 

i  Theoretical  value  j=  1.333. 

'  Difference  between  experimental  mean  and  theoretical  value. 
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Table  8. — Characteristics  of  the  elastic  curves  assumed  by  4-inch  lengths   of 
projected  fabric  as  shown  by  shadow  curves 


Sample  No. 


1. 

2.. 
3. 
4. 
5. 
6. 
7- 
8. 
9. 
10 
11 
12 
13 
14 


Length 
of  chord 
subtending 
elastic 
curve 
assumed 
by  pro- 
jected 
strip  of 
fabric 


r  in 


inches 
3.75 
3.87 
3.87 
4.00 
3.78 
3.78 
3.87 
3.87 
3.84 
3.87 
3.84 
3.84 
3.87 
3.78 


Ratio 
of  chord 
of  elastic 
curve  to 
length  of 
strip  of 

fabric 


e=r/l 
0.945 
.977 
.961 
1.000 
.953 
.953 
.977 
.977 
.969 
.977 


.977 
,953 


Angle  the 

tangent 

to  free 

end  of 

projected 

strip  makes 

withx 

axis 


w  in  degrees 
66.0 
58.5 
64.0 
64.5 
68.0 
63.0 
64.5 
62.0 
58.0 
59.0 
59.0 
63.5 
63.0 
63.5 


Angle 

chord  (r) 

of  elastic 

curve 

makes 

withx 

axis 


0  in  degrees 
52.0 
46.0 
50.5 
53.0 
52.5 
61.5 
44.5 
49.0 
45.0 
47.5 
49.0 
50.0 
50.0 
50.6 


1.269 
1.272 
1.267 
1.217 
1.295 
1.223 
1.202 
1.265 
1.288 
1.242 
1.204 
1.270 
1.260 
1.257 


Theoretical  value 


a.333. 


It  will  be  noted  that,  when  the  angle  6  increases  to  the  extent  shown 

in  Table  8  for  the  4-inch  strips,  the  value  for  -j-  decreases  from  the 

theoretical.  Also  the  longer  the  strips,  the  greater  becomes  the  error 
in  e  and  the  assumption  that  r  =  l  ceases  to  hold.  In  the  case  of  the 
3-inch  strips,  however,  e  varies  from  0.968  to  0.989,  which  shows 
that  here  the  approximation  r  =  Z  is  close  to  the  experimental.     The 

observed  ratio  -^  varies  from  1.25  to  1.38  with  an  average  value  of 

1.339,  which  is  within  0.4  per  cent  of  the  theoretical  value  -^-  =  4/3. 

To  verify  equation  15  the  shadow  curve  No.  1  of  wheat  starch  shown 
in  Figure  5  was  selected  for  study.  The  value  for  co  =  42°,  and  the 
coordinates  of  the  clamped  end  after  the  transformation  of  the  axes 
are  found  to  be  X  =  72.64  mm.  and  Y=  13.26  mm.,  which  gives  a 
stiffness  value  

3  te^  cos  00 


c=  — 


24^ 


=  40.21 


In  Figure  6  the  theoretical  quartic  given  by  equation  15  is  traced 
beside  the  shadow  curve  shown  in  Figure  5.  Here,  however,  the 
shadow  curve  has  been  transformed  so  that  it  is  referred  to  the  same 
set  of  axes  to  which  the  theoretical  curve  applies.  The  ordinates  of 
the  two  curves  corresponding  to  given  abscissa  vary  within  1  per  cent. 


APPLICATION   TO   SIZED   FABRICS 

A  summary  of  the  mathematical  theory  shows 


(6) 
(19) 


c3  = 


12    w 


and 


cos  (4/3)  g. 
^  ~       86        ^ 
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Therefore,  in  a  given  fabric,  where  Ji  and  w  are  constant  and  the 
stiffness  varied,  the  quantity  c  is  proportional  to  the  cube  root  of 


--as- 


-/' 


^/.s^ 


-Z' 


Figure  5. 
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-Curve  assumed  by  a  projected  strip  of  fabric  sized  with  wheat  starch, 
and  the  X  Y  axes  indicates  the  point  of  clamping 


The  origin  of 


the  elastic  modulus.    Under  these  conditions,  since  c  depends  on  E 
only,  c  can  be  taken  as  the  measure  of  stiffness. 

On  the  other  hand,  from  equation  19  it  is  seen  that  for  a  constant 
angle  Q,  c  is  proportional  to  r.    Thus  the  radius  vector  of  a  projected 
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FiGUKE  6.— Curve  assumed  by  a  projected  strip  of  fabric  sized  with  wheat  starch  (fig.  5)  compared 
with  the  theoretical  curve  developed  for  projected  fabrics.  The  curves  are  here  referred  to  a  set 
of  axes  composed  of  the  tangent  to  the  curve  at  the  free  end  of  the  projected  strip  and  the  normal 
'  to  the  tangent  at  that  point 

strip,  the  free  end  of  which  rests  on  a  fixed  oblique  line  B  =  %,  could 
be  made  to  measure  c,  provided  a  proper  scale  were  adopted. 

This  principle  was  utiHzed  in  devising  an  apparatus  to  measure 
the  stiffness  c  as  shown  in  Figure  7.    A  vertical  board  B  is  provided 
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with  a  groove  passing  through  the  upper  corner  and  inchned  45° 
to  the  horizontal.  Into  this  groove  is  fitted  a  metal  bar  protruding 
about  2}^  inches  and  uniformly  graduated,  beginning  with  zero  at 
the  upper_corner.  Since  0  =  45°,  the  corresponding  value  of  rjc 
equals  v^47r  =  2.325.  Therefore,  the  distance  between  the  graduations 
is  taken  as  2.325  mm.  so  that  c  can  be  read  off  directly  from  the  scale. 
To  determine  the  stiffness  of  a  sized  specimen,  a  strip  ;S^  of  a  con- 
venient width  and  length  is  inserted  between  the  rubber-covered 
rolls  ER  which  serve  as  an  adjustable  clamp.  The  rolls  are  so  adjusted 
that  the  clamping  effect  which  they  produce  takes  place  in  the  same 
plane  as  the  metal  bar  and  is  the  zero  reading  on  the  scale.  The 
fabric  is  gradually  fed  through  the  roller  clamp  in  the  direction  shown 
by  the  arrow  until  that  position  has  been  reached  where  the  free  end 


Figure  7.— Diagram  of  apparatus  for  measuring  stiffness  of  fabrics.  /?  is  a  vertical  board  upon 
which  is  mounted  the  clamp  RR  consisting  of  two  rubber  rolls,  S  a  projected  strip  of  fabric  turned 
through  the  rolls  in  the  direction  indicated  by  the  arrow,  and  Ma  metal  shelf  upon  which  the  end 
of  the  strip  F  rests  until  it  is  sufTiciently  short  to  support  its  own  weight.  At  this  point  the  scale 
reading  denoting  the  stiffness  of  the  fabric  is  taken 

of  the  strip  F  barely  touches  the  metal  bar  M.  The  reading  indicated 
on  the  scale  at  this  point  gives  directly  the  stiffness  of  the  material. 
Figure  8  shows  the  apparatus  with  a  strip  of  test  fabric  inserted  in 
the  roller  clamp. 

Instead  of  the  arbitrary  millimeter  scale  a  more  natural  scale  may 
be  calibrated  by  means  of  strips  of  uniform  material  of  varying  thick- 
ness. The  material  selected  for  this  calibration  should  possess  uniform 
elastic  properties  such  as  metal  foil.  The  position  assumed  by  each 
of  the  strips  would  then  be  indicated  on  the  scale  in  terms  of  the 
corresponding  thickness  of  the  strip.  Thus,  when  any  tested  material 
registers,  for  example,  0.016  by  this  scale,  it  is  understood  that  the 
stiffness  is  16,  meaning  that  the  material  has  the  same  stiffness  as  a 
certain  metal  foil  0.016  inch  thick.  While  this  method  is  somewhat 
more  natural  than  the  preceding,  it  has  the  slight  disadvantage  of  a 
nonuniform  scale. 
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A  relationship  between  the  stiffness  of  materials  and  their  respec- 
tive thicknesses  may  be  established  in  the  following  manner:  Let  E 
be  the  elastic  modulus  of  the  standard  material,  W  its  specific  weight, 
and  h  its  thickness.     Let  Eq,  Wq,  and  Iiq  designate  the  corresponding 


Figure  8.— Apparatus  for  measuring  the  stiffness  of  textile  fabrics  and  related  materials.  The  principle 
involved  depends  on  the  deformation  of  a  supported  strip  bent  under  its  own  weight.  The  stiffness  is 
proportional  to  the  cube  root  of  the  elastic  modulus  and  to  the  radius  vector  of  the  projected  strip 

properties  of  the  material  to  be  tested.    If  the  stiffness  c  is  assumed 
to  be  the  same,  then  it  follows  that 

3^    Eh'  _Eoho^ 

^      12W    12Wo 
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where  K  is  a  constant  depending  on  the  specific  material  under  con- 
sideration. ^  If  different  thicknesses  of  the  same  material  are  con- 
sidered, their  respective  stiffnesses  bear  the  following  relationship: 


and  since  for  the  same  material 


Z=  Ki  then 


or  —  =  p^ 


where  p  is  the  ratio  of  the  two  thicknesses.    Thus,  if,  for  a  given  ma- 
terial, the  two  test  specimens  show  a  thickness  ratio  p  equal  to  8, 

then  the  correspond- 
ing stiffness  relation- 
ship will  be  c  =  4  Ci. 

The  original  Grim- 
shaw  curves  may  be 
assigned  stiffness  units 
in  the  following 
manner.  By  assuming 
the   formula  c  =  l/2  r 


^cjMmi  and   cal- 


culating  the  value  of 
c  for  different  assumed 
values  of  d,  keeping  r 
constant  at  3  inches, 
c  can  be  plotted  in 
terms  of  ^.  If  the 
resulting  curve  shown 
in  Figure  9  is  etched 

Figure  9.— Graph  in  polar  coordinates  showing  the  stiffness  of  fabrics    i    i    •  i  i     V  ■, 

'      "  '  is  kept  constant  at  3  inches.    The    lUlOlCl  and  placed  UpOU 

the   Grimshaw  curve, 


for  different  values  of  d  when 

elastic  curve  of  a  projected  strip  of  fabric  is  represented  by  the  equa- 


cos  (4/3)  d  . 


tion  c=l/2  r  >^-  °  y'"^  in  which  c  designates  the  stiffness  units,  r  the  StlffneSS  UnitS  for 
the  radius  vector  of  the  projected  strip  in  mm.,  and  0  the  angle  which  the  latter  CaU  be  read 
r  makes  with  the  X  axis  ^^    directly     at     the 

point  where  r,  extended  on  the  Grimshaw  curve,  crosses  the  plotted 
curve. 

SUMMARY 


An  effort  has  been  made  to  differentiate  the  various  physical 
factors  combined  in  the  vague  term  ''feel"  so  universally  adopted  in 
mill  and  laundry  practice  to  describe  the  properties  of  a  fabric.  In 
this  work  stiffness  has  been  considered  an  important  property  included 
in  this  term.  A  physical  method  for  measuring  the  stiffness  of 
materials  and  the  abilities  of  wheat,  rice,  corn,  and  potato  starches 
to  produce  stiffness  in  a  cotton  fabric  have  been  determined.     The 
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methods  employed  for  desizing  the  fabric  and  preparing  the  starches 
and  starch  pastes  are  given. 

Different  varieties  of  starch  may  show  different  stiffening  properties. 
In,  general  considering  wheat,  rice,  corn,  and  potato,  the  wheat 
produced  the  stiffest  fabric  and  the  potato  the  least  stiff,  whereas  the 
corn  and  rice  gave  practically  the  same  effect. 

The  same  species  of  starch  from  different  sources  may  exhibit 
different  stiffening  properties.  Three  different  stiffness  values  were 
obtained  for  the  four  samples  of  corn  starch  secured  from  different 
sources. 

Varying  the  time  of  heating  the  starch  paste  from  5  to  60  minutes 
had  no  appreciable  effect  on  the  stiffness  of  the  sized  fabric  when 
measured  by  the  methods  employed  in  this  laboratory. 

Preliminary  studies  were  also  made  to  determine  what  effect  con- 
centration and  the  addition  of  foreign  substances  had  on  the  stif- 
fening action  of  starch  paste.     The  experiments  tended  to  show: 

A  dilution  of  the  standard  paste  produced  a  gradual  decrease  in 
the  resulting  stiffness  of  the  fabrics  sized  with  wheat,  rice,  and  corn 
starches.  In  the  case  of  potato  starch,  it  was  necessary  to  reduce  the 
concentration  approximately  17  per  cent  of  the  original  (3.7  per  cent 
to  3.06  per  cent)  before  any  decrease  in  the  fabric  stiffness  became 
apparent.  An  explanation  based  on  the  extremely  viscous  char- 
acter of  the  potato  starch  paste  seems  plausible. 

The  addition  of  borax  increased  the  stiffening  power  of  corn  starch 
until  a  maximum  of  20  per  cent  compared  to  the  weight  of  the  starch 
had  been  reached,  when  a  decrease  in  the  stiffening  power  resulted. 

Salt,  paraffin,  beeswax,  and  hydrogenated  vegetable  oil  up  to  27 
per  cent  of  the  weight  of  starch  did  not  appreciably  affect  the  stiff- 
ness of  fabrics  sized  with  corn  starch. 

Projected  strips  of  starched  fabrics  falling  under  their  own  weight 
follow  elastic  laws  and  assume  a  curve  given  by  the  formula  for  the 

quartic  parabola  y=  —  jp-  x^»   where  x  and  y  are  the  coordinates  when 

the  vertex  of  the  parabola  is  at  the  free  end  of  the  projected  strip  and 
the  X  and  y  axes  are  the  tangent  and  normal,  respectively,  at  the 
free  end. 

From  the  elastic  curve  it  is  deduced  that  the  stiffness  of  the  pro- 
jected strip  is  proportional  to  the  cube  root  of  the  elastic  modulus 
expressed  by  the  equation: 

s_E¥ 

and  to  the  length  of  the  radius  vector  as  given  by  the  equation: 

3_cos  (4/3)^   o 
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INTRODUCTION 

The  various  factors  in  the  Hve-poultry  industry  in  New  York  City 
from  time  to  time  over  a  number  of  years  have  been  subjected  to 
severe  criticism  by  both  pubHc  and  private  agencies  for  alleged  illegal 
and  unethical  practices  in  connection  with  the  conduct  of  the  industry. 
In  some  instances  the  criticism  doubtless  had  a  foundation  of  truth; 
in  others  it  probably  was  influenced  by  motives  not  entirely  com- 
mendable. The  net  result  of  the  adverse  criticism,  whether  true  or 
false,  has  been  such  that  the  industry  and  those  engaged  in  it  have 
not  enjoyed  the  respect  and  prestige  which  the  importance  of  the 
industry  to  the  public  welfare  deserves. 

1  Special  acknowledgment  is  made  to  E.  R.  French,  executive  secretary  of  the  New  York  Food  Research 
Council,  and  to  W.  P.  Hedden,  chief  analyst  of  the  Port  of  New  York  Authority  for  valuable  help  re- 
ceived; and  to  S.  L.  Kedzierski,  associate  agricultural  economist,  for  assistance  in  the  quantitative  analysis 
of  prices.  Credit  is  also  due  to  Mrs.  Beulah  M.  Cope  and  Miss  Mabel  Jordan,  who  assisted  in  the  statis- 
tical work. 
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To  aid  in  the  correction  of  this  situation  the  Bureau  of  Agricultural 
Economics  was  requested  by  a  joint  representation  of  the  New  York 
Live  Poultry  Commission  Merchants  Association  and  the  office  of 
the  attorney  general  of  the  State  of  New  York  to  make  a  careful 
study  of  the  economics  of  the  entire  industry.  The  bureau  began 
the  study  in  the  fall  of  1926.  The  most  cordial  cooperation  was  re- 
ceived from  all  agencies,  both  public  and  private,  who  were  ap- 
proached for  information  throughout  the  course  of  the  study. 

In  November,  1926,  the  United  States  Department  of  Agriculture 
took  charge  of  the  work  of  inspecting  live  poultry  for  crop  and  health 
condition,  and  substantial  progress  toward  a  complete  market  news 
service  for  live  poultry  (inaugurated  in  February,  1927)  has  since 
been  made.  A  statute  was  enacted  March  30,  1927,  in  the  State  of 
New  York  authorizing  the  formation  of  a  live-poultry  exchange. 
Three  committees  of  the  trade  began  work  in  the  spring  of  1927:  One 
to  discover  a  suitable  place  for  a  union  terminal,  at  which  car-lot 
shipments  of  live  poultry  destined  for  the  city  would  be  concentrated 
preparatory  to  sale,  and  to  enter  into  the  necessary  negotiations 
with  the  railroads;  another  to  prepare  suitable  by-laws  and  rules  and 
regulations  for  trading  on  the  exchange;  and  the  third  to  formulate 
a  system  of  grades  for  live  poultry.  It  is  the  consensus  of  opinion 
in  the  trade  that  these  three  angles  of  the  problem  must  be  worked 
out  simultaneously  if  an  exchange  is  to  be  effected  and  if  the  objec- 
tives of  the  industry  are  to  be  achieved. 

Thus,  although  there  are  yet  many  problems  to  be  solved,  the  in- 
dustry now  appears  to  be  entering  upon  a  new  era  which  promises 
to  be  characterized  by  greater  efficiency  in  marketing,  improvement 
in  the  quality  of  product  placed  before  the  consumer,  a  consequent 
enlargement  of  the  demand,  and  a  resulting  larger  financial  return  to 
poultry  growers. 

SCOPE  OF  THE  STUDY 

This  bulletin  aims  to  present  the  economic  situation  of  the  Hve- 
poultry  industry  of  New  York  City,  including  the  sources  of  supply 
and  of  demand  for  this  commodity,  the  growth  and  present  size  of  the 
industry,  and  the  different  groups  of  people  who  are  engaged  in  moving 
live  poultry  from  the  open  country  to  the  retail  channels  in  New  York 
City.  Live  poultry  is  a  composite  commodity  made  up  of  a  number  of 
different  classes,  each  of  which  follows  in  a  large  measure  an  inde- 
pendent course  with  respect  to  movement  to  market  and  price.  The 
receivers  are  shown  to  vary  considerably  in  their  business  practices; 
some  confine  their  activities  mainly  to  express  shipments,  others  to 
freight;  some  operate  exclusively  on  a  commission  basis,  whereas 
others  may  buy  outright  at  the  shipping  point  (either  jointly  with 
the  shipper  or  independently)  or  at  the  terminal. 

An  analysis  of  the  total  costs  per  carload  of  marketing  live  poultry, 
by  States,  is  included  in  this  study  as  well  as  the  costs  per  pound  for 
each  of  the  services  rendered,  together  with  net  returns  to  shippers 
in  the  various  States  and  from  four  cities  which  serve  as  reshipment 
points.  The  method  of  arriving  at  and  quoting  prices  and  the  bearing 
the  price  quotation  has  upon  the  returns  to  shippers  and  the  price 
paid  by  slaughterhouse  men  are  considered.  Attention  is  given  to 
the  determination  of  the  factors  which  influence  the  prices  of  live 
poultry  together  with  the  measurement  of  these  factors.    The  econo- 
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mies  to  be  attained  by  a  union  terminal  at  which  all  hve  poultry  might 
be  concentrated  preparatory  to  sale  were  studied  in  the  course  of  this 
survey. 

SOURCES  OF  DATA 

The  data  upon  which  this  bulletin  is  based  were  obtained  chiefly 
from  the  books  of  live-poultry  commission  merchants  of  New  York 
City.  Daily  records  of  the  sales  prices  of  each  class  of  poultry,  the 
volume,  point  of  origin,  and  the  marketing  cost  were  obtained  from 
the  books  of  a  number  of  these  dealers.  The  sample  chosen  for  this 
part  of  the  investigation  embraced  about  one-fourth  of  the  total 
receipts  of  Uve  poultry  on  the  New  York  City  market.  The  period 
covered  by  these  daily  records  was  the  two  years  from  November  1, 
1923,  to  October  31,  1924,  and  from  May  1,  1925,  to  April  30,  1926. 
The  period  intervening  between  the  two  years  was  omitted  because 
it  was  the  time  of  the  invasion  of  the  European  fowl  pest,  during  which 
time  an  embargo  was  placed  upon  live  poultry  from  a  large  number  of 
mid-Western  States.  Data  taken  during  this  period  would  not  have 
been  truly  representative  of  normal  conditions.  To  obtain  more  data 
on  costs  of  marketing  than  those  which  could  be  abstracted  from 
the  books  of  the  dealers,  supplementary  inforrnation  was  obtained 
by  means  of  schedules  mailed  to  shippers  in  all  areas  that  contribute 
live  poultry  to  the  New  York  market.  The  information  obtained 
from  the  shippers  in  all  areas  was  complete  for  each  car  and  covered 
nearly  800  cars. 

In  addition,  the  total  daily  volume  of  each  class  of  poultiy  that 
entered  this  market  during  the  two-year  period  was  secured  from  the 
records  of  all  the  live-poultry  receivers  in  the  city. 

The  more  general  statistics  used  in  the  study  were  obtained  from 
the  files  of  the  Urner-Barry  Publishing  Co.  of  New  York,  and  those 
of  the  United  States  Department  of  Agriculture.  These  figures  were 
used  chiefly  to  show  long-time  trends  in  the  industry.  Prices  of 
kosher  beef,  lamb,  veal,  and  dressed  poultry  for  the  two-year  period, 
used  in  the  detailed  quantitative  price  analysis,  were  also  obtained 
from  these  sources.  Since  February,  1927,  the  daily  receipts  of  hve 
poultry  at  New  York,  by  classes,  have  been  reported  by  the  market 
news  service  of  the  Bureau  of  Agricultural  Economics. 

SIZE  AND  GROWTH  OF  THE  INDUSTRY 

The  hve  poultry  shipped  (by  freight)  into  the  New  York  metro- 
politan area  represents  an  annual  wholesale  value  of  about  $60,000,000 
and  a  retail  value  estimated  at  about  $100,000,000  on  the  basis  of  the 
prices  which  prevailed  at  the  time  of  the  study. 

The  freight  shipments  of  live  poultry  to  the  New  York  market 
have  increased  from  2,200  cars  in  1900  to  12,000  cars  in  1927.  (Fig.  1 
and  Table  14.)  From  1900  to  1905  a  slight  downward  trend  occurred, 
but  from  the  latter  date  the  receipts  assumed  a  strong  upward  trend 
which  (if  one  brief  interruption  from  1907  to  1909  and  another  during 
the  World  War  are  excluded)  characterized  the  movement  up  to  1923. 
During  these  19  years,  the  freight  shipments  grew  from  2,100  cars 
to  12,100  cars,  and  the  average  annual  increase  was  about  9  per  cent. 
The  express  shipments  are  at  present  equivalent  to  about  700  cars, 
or  about  6  per  cent  of  the  total  receipts. 
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During  the  two  years  after  1924  a  slight  decrease  in  the  total  re- 
ceipts of  live  poultry  on  the  New  York  market  occurred.  This  may 
be  accounted  for,  in  part  at  least,  by  the  embargo  in  the  fall  of  1924 
and  the  winter  of  1925,  which  discouraged  many  shippers  from  sending 
their  poultry  to  the  New  York  market,  caused  them  to  seek  other 
markets  for  their  product,  and  discouraged  consumption  by  the  New 
York  consumer.  There  are  indications,  however,  that  the  strong 
upward  trend  which  prevailed  from  1910  to  1924  is  again  being  re- 
sumed, partially  at  least,  and  a  substantial  annual  increase  in  the 
receipts  of  live  poultry  during  the  next  10  years  may  reasonably  be 
expected. 

These  facts  indicate  that  the  live-poultry  industry  of  New  York  is 
one  of  considerable  magnitude,  but  the  problems  with  which  the 
industry  has  been  confronted  for  a  number  of  years  and  which  have 
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Figure  1.— Freight  Receipts  of  Live  Poultry  at  New  York  City.  1900-1927 

Freight  shipments  of  live  poultry  to  the  New  York  market  have  increased  from  2,000  cars  in  1900  to 
12,000  cars  in  1927. 

from  time  to  time  greatly  agitated  the  trade,  do  not  arise  from  its 
great  size.  The  ills  with  which  the  trade  has  been  afflicted  in  recent 
years  have  in  a  large  measure  arisen  because  the  methods  of  carrying 
on  the  business  of  this  industry  have  not  kept  pace  with  the  rapid 
growth  of  the  industry. 

FACTORS  IN  THE  TRADE 

A  large  number  of  groups  of  individuals  and  of  corporations  par- 
ticipate in  rendering  the  services  that  are  involved  in  supplying  New 
York  City  consumers  with  poultry:  (1)  The  farmers  distributed 
over  about  30  States  who  furnish  the  product  upon  which  the  industry 
is  based;  (2)  the  shippers  who  serve  as  the  connecting  link  between 
farmers  in  the  country  and  the  wholesale  receivers  m  New  York; 
(3)  the  transportation  companies  and  related  companies;  (4)  whole- 
sale receivers;  (5)  buyers  or  slaughterhouse  men;  and  (6)  a  number 
of  other  functionaries  including  a  coop  company  and  a  cartage 
company.     (Fig.  2.) 
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The  transportation  companies  that  own  the  principal  live-poultry 
terminals  (%.  3)  are  the  New  York  Central,  the  Erie,  the  Delaware, 
Lackawanna  &   Western,   and   the  Pennsylvania.     Associated  with 


Figure  2.— After  the  poultry  is  unloaded  from  the  car  it  is  placed  in  coops/ weighed,  and  loaded  on 
trucks  for  transportation  to  slaughterhouses 

the  transportation  agencies  are  two  car  companies  (the  Live  Poultry 
Transit  Co.  and  the  Palace  Car  Co.)  which  furnish  steel  cars  built 
especially  for   hauling  live    poultry  (fig.  4).     These  car    companies 


Figure  3.— The  live-poultry  terminals  are  widely  scattered  over  the  metropolitan  area.      Of  the  four 
principal  terminals  one  is  located  in  Manhattan  and  the  other  three  are  in  New  Jersey 

have  their  own  schedules  of  rates,  independent  of  the  railroad  com- 
pany which  hauls  the  cars,  based  upon  distance  of  haul  and  other 
factors.  The  interior  of  the  car  is  composed  of  eight  decks  or  layers, 
has  a  narrow  central  aisle  running  lengthwise  of  the  car,  and  a  space 
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between  the  doors  in  the  center  for  the  storage  of  feed  and  supphes 
and  for  the  accommodation  of  the  carman  who  accompanies  the 
poultry  and  who  feeds  and  cares  for  it  while  en  route  (sometimes 
several  days)  and  at  the  terminal.  The  car  is  thus  divided  into  four 
equal  parts  with  32  compartments  in  each  part.  A  car  may  contain 
from  12,000  to  20,000  pounds  net  of  poultry  or  from  4,000  to  8,000 
birds,  depending  upon  the  class  and  weight  of  the  poultry  and  the 
season  of  the  year.  About  94  per  cent  of  the  live  poultry  entering  the 
metropohtan  area  by  rail  is  shipped  by  freight.  The  remainder  comes 
by  express  and  truck. 

The  wholesale  receivers  are  those  to  whom  the  shippers  consign 
their  poultry  to  be  sold  on  commission  or  to  whom  they  sell  it  outright 
at  the  shipping  points,  or  with  whom  they  join  in  the  purchase  of 


Figure  4.— The  type  of  live-poultry  car  used  for  transporting  poultry  from  producing  sections  to 

New  York  City 

poultry  in  what  is  known  as  ''joint  account."  The  bulk  of  the  freight 
shipments  now  come  to  about  23  receivers,  most  of  whom  are  members 
of  the  New  York  Live  Poultry  Commission  Merchants  Association. 
These  dealers  receive  most  of  their  consignments  by  freight,  but  a 
few  of  them  also  receive  express  shipments,  which  come  in  small  lots 
of  25  to  300  pounds  each  direct  from  farmers  in  the  near-by  States. 
In  addition,  a  small  number  deal  exclusively  in  express  shipments. 
One  firm  receives  about  one-third  of  all  the  express  shipments  that 
come  to  New  York. 

The  buyers  (slaughterhouse  men)  purchase  poultry  from  the 
receivers  at  the  terminals  or  at  West  Washington  Market.  There 
are  upward  of  600  of  these  buyers  whose  establishments  are  distributed 
in  groups  in  various  parts  of  the  metropolitan  area  for  the  slaughter 
of  poultry  preparatory  to  sale  to  retailers.  (Fig.  5.)  Those  known 
as  wholesale  slaughterhouse  men  buy  in  relatively  large  quantities 
and  slaughter  the  birds  for  sale  to  retail  butchers  and  special  chicken 
shops.     Some  of  the  wholesale  slaughterhouse  men  also  carry  on  a 
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limited  retail  business.  Others,  known  as  retail  slaughterhouse  men, 
both  slaughter  and  retail  their  goods.  A  third  type,  of  which  there 
is  at  present  but  a  single  example,  combines  the  services  of  receiving, 


Figure  5.— Distribution  of  Live-Poultry  Purchases  in  New  York  City  and 

Vicinity.  1926 

There  are  upward  of  600  buyers,  whose  establishments  are  distributed  in  groups  in  various  parts 
of  the  metropolitan  area  for  the  slaughter  of  poultry  preparatory  to  sale  to  retailers. 

slaughtering,  and  retaihng  (to  a  certain  extent)  in  a  single  integrated 
system.     (Figs  6,  7,  and  8.). 

A  number  of  other  functionaries  operate  in  the  transfer  of  poultry 
from  the  terminals  to  the  slaughterhouses  or  to  West  Washington 
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Market.  (Fig.  9.)  A  coop  company,  for  example,  holds  a  contract 
for  supplying  the  coops  under  a  definite  charge  of  $1  per  coop  each 
trip  (until  recently  85  cents  per  coop).     Of  this  amount,  35  cents  is 


Figure  (5. —A  new  type  of  plant  in  whicli  poultry  is  both  retoived  and  slaughtered 

paid  the  buyer  when  he  returns  the  coops  to  the  coop  company,  but 
the  entire  amount  is  deducted  as  a  charge  against  the  shipper  of  the 
poultry.    Another  example  is  that  of  a  Hve-poultry  trucking  corpora- 


FiciUKE  7."~Ncw  typo  of  retail  establishment  connected  with  the  receiving  and  slaughtering  plant 
shown  in  Figure  6.    Note  the  sanitary  equipment  and  the  generally  neat  appearance 

tion  which  has  a  contract  for  moving  the  poultry  from  the  terminals 
to  West  Washington  Market.  It  receives  a  contract  price  of  50  cents 
per  coop,  which  is  obtained  whether  it  hauls  the  poultry  or  not.  As 
a  matter  of  fact,  it  actually  hauls  an  average  of  about  35  per  cent  of 
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the  total  arrivals.  The  remainder  is  transferred  in  the  buyer's  own 
trucks  or  by  trucks  hired  by  the  buyers,  some  of  which  may  be  those 
of  this  trucking  company  itself  and  for  which  the  latter  receives  an 
additional  fee,  the  amount  of  which  varies  with  the  distance  hauled. 


Figure  8.— luternal  view  showing  poultry  being  held  in  batteries  for  feeding  in  a  new  type  of 
plant  in  which  poultry  is  both  received  and  slaughtered 

The  unloading  is  done  by  a  crew  of  five  men.  The  crew  receives  $50 
for  unloading  the  car  (increased  from  $30  to  $50  in  the  fall  of  1926), 
which  takes  approximately  two  hours.  In  addition,  the  contractor 
who  agrees  to  furnish  the  necessary  man  power  for  this  work  receives 
$3  per  car  for  his  services.     Each  receiver  employs  a  weighmaster. 


Figure  9.— Poultry  not  taken  directly  from  the  terminals  to  the  slaughterhouses  is  brought  to  West 

Washington  Market 

who  records  the  gross  and  net  weights  of  each  coop,  in  triplicate,  as 
unloaded  in  the  presence  of  the  catrman.  The  costs  for  coops,  truck- 
age, and  unloading  are  paid  by  the  shipper,  and  the  costs  of  loading  on 
trucks  and  the  wages  of  the  weighmaster  are  paid  by  the  truck  com- 
pany and  the  receiver,  respectively.     (Fig.  10.) 

Later  in  this  bulletin  a  detailed  discussion  of  marketing  costs  is 
given,  the  total  marketing  costs  per  pound  are  computed  and  tabu- 
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lated,  the  total  cost  is  separated  into  its  component  parts,  and  the 
cost  per  pound  for  rendering  each  of  these  various  services  is  shown 
for  freight  shipments,  for  each  State  or  reshipment  point  from  which 
poultry  is  received.  The  residual  of  the  wholesale  price  after  these 
costs  are  paid  constitutes  the  net  return  to  shippers. 

SUPPLY  OF  LIVE  POULTRY 

STATES  AND  CITIES  OF  ORIGIN  OF  LIVE  POULTRY 

Dealers'  records  reveal  the  fact  that  about  30  States  contribute  to 
the  supply  of  live  poultry  on  the  New  York  market.     (Mg.  11.)     In 


Figure  10.— As  poultry  is  unloaded  from  a  car  in  the  new  type  of  plant  it  is  weighed' on', the  dial 

scale  as  shown 

addition,  four  cities,  Philadelphia,  Chicago,  Chattanooga,  and  Atlanta, 
although  situated  within  these  States,  are  listed  separately  because 
they  constitute  reshipping  points.  As  much  of  the  poultry  shipped 
from  them  comes  originally  from  surrounding  States,  the  States  in 
which  they  are  located  can  not  be  credited  with  this  entire  quantity. 
It  is  impossible  to  allocate  the  exact  point  of  origin  of  the  poultry 
shipped  from  these  cities. 

Table  1  gives  the  State  or  city  of  origin,  express  receipts  that  come 
from  each  State  or  city  of  origin,  and  the  percentage  of  the  combined 
freight  and  express  receipts  coming  from  each  State  or  city  of  origin. 
The  bulk  of  the  express  shipments  come  from  the  Northeastern  States, 
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including  Maryland  and  Virginia.  New  Hampshire  and  New  York 
together  supply  a  considerable  proportion  of  the  express  shipments. 
Freight  shipments  come  chiefly  from  the  mid-West  and  the  South. 


Picture  11.— Origin  of  Receipts  of  Live  Poultry  at  New  York  City 

Almost.50per  cent  ofthe  live  poultry  arriving  at  New  York  City  by  freight  comes  from  Missouri, 
Kansas,  and  Illinois.  The  figures  represent  the  i^ercentage  of  New  York  receipts  shipped  from  each 
State  or  city. 

Of  all  shipments,  both  freight  and  express,  nearly  half  come  from  the 
three  States,  Missouri,  Kansas,  and  Illinois. 


Table  1. — Proportion  of  live  poultry  in  carloads  received  at  New  York  by  freight 
and  by  ex-press  from  the  designated  origins,  average  1923-24,  1925-26,  and  1927 


Percentage  received 

Origin 

Percentage  received 

Origin 

freight 

By 
express 

By 
freight 

and 
express 

By 

freight 

By 
express 

By 
freight 

and 
express 

9 

Per  cent 

0.23 

.53 

1.49 

5.16 

2.79 

.14 

.17 

16.42 

3.02 

4.17 

10.62 

2.24 

.03 

.09 

.78 

.20 

.34 

24.78 

Percent 







""i."37" 
.32 
.04 
.14 
.01 

""'".'09' 

4.35 

7.23 

6.70 

.01 

.06 

.03 

Per  cent 

0.22 

.50 

1.41 

4.90 

2.65 

.21 

.17 

15.58 

2.88 

3.96 

10.07 

2.13 

.25 

.46 

1.08 

.19 

.32 

23.50 

Nebraska        

Percent 
7.23 

Percent 

""20."  is" 

1.73 

43.60 

1.22 

"""5.'3i' 

""""."46* 

""""."os' 

"""2."93' 
4.14 

Per  cent 
6.86 

Arkansas 

New  Hampshire 

1.04 

Atlanta,  Qa 

New  Jersey .' 

.09 

.17 
4.17 
7.68 
.59 
.06 

2.41 

Chicago,  111 

Ohio 

4.01 

Connecticut. - 

7.28 

Georgia 

Pennsylvania 

.84 

Illinois 

Philadelphia,  Pa 

.06 

Rhode  Island . 

.02 

Iowa 

South  Dakota 

.79 
3.76 
2.20 

.02 

.75 

Kansas 

Tennessee. 

3.57 

Texas         

2.09 

Maine 

Vermont 

.17 

Maryland 

Virginia 

.21 

.13 

.12 

Total 

Minnesota.-  ... 

100.00 

100.00 

100.00 
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It  is  interesting  to  observe  the  regularity  with  which  seasonal 
changes  in  the  receipts  of  the  principal  classes  of  poultry  take  place. 
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Figure  12.— Receipts  of  Colored  Rowland  Chickens  at  New  York  City. 
(Expressed  as  Percentages  of  the  Total  Weekly  Receipts  of  Live 
Poultry) 

As  the  season  advances  the  percentage  of  fowl  increases  and  the  percentage  of  chickens  steadily 
decreases  until  about  April  or  May  when  the  reverse  holds  true  until  about  September.  During 
the  months  of  September  and  October  the  percentage  of  chicken  is  about  as  large  as  that  of  fowl. 

This  is  clearly  shown  in  Figures  12,  13,  and  14  and  in  Tables  15  and  lo. 
Comparing  the  relative  receipts  of  each  class  of  poultry  on  the  New 


Figure  13.— Weekly  Receipts  of  Colored  Broilers  and  Chickens  at  New 
York  City.  (Expressed  as  Percentages  of  the  Total  Weekly  Receipts 
of  Live  Poultry) 

Most  of  the  broilers  arrive  in  June,  July,  and  August.    During  the  remainder  of  the  year  the 
percentage  of  broilers  is  relatively  unimportant. 

York  market,  each  week  during  the  three  years  under  consideration 
(1927  is  here  included),  the  course  of  receipts  for  each  class  runs  about 
the  same  for  each  of  the  three  years.     Assuming,  therefore,  that  these 
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three  years  are  representative,  it  becomes  possible  to  anticipate  what 
the  probable  proportion  of  each  class  of  poultry  will  be  throughout  the 
entire  year. 

ORIGIN  BY  CLASSES  OF  POULTRY 

Missouri  furnishes  more  of  each  class  of  poultry  than  does  any  other 
State:  Approximately  one-fourth  of  each  class  comes  from  this 
source.  (Table  2.)  More  than  51  per  cent  of  the  fowl  ^  come  from 
Missouri,  Kansas,  and  Illinois.  About  56  per  cent  of  the  broilers  ^ 
are  shipped  from  New  Hampshire,  Missouri,  and  Illinois.  Four 
States — Missouri,  Kansas,  Illinois,  and  Oklahoma — contribute  about 
60  per  cent  of  the  chickens.^     Nearly  84  per  cent  of  the  stags  ^  are 


(   tXPSESSEOASPtBCOrAOlSWTMETOTAUWirKLYRECEIITSOFUVt  POULTKV    ) 
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AND  Ducks  at  New  York  Cr 
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;iTY. 


Figure  14.     Receipts  of  Turkeys,  Geese. 
(Expressed  as  Percentages  of  the  Total 
Poultry) 

Most  of  the  turkeys,  ducks,  and  geese  arrive  around  the  Thanksgiving  and  Christmas  feast 
I)eriods. 

shipped  from  Missouri,  Kansas,  Illinois,  Oklahoma,  Kentucky,  and 
from  the  city  of  Chattanooga,  Tenn.  Nearly  three-fourths  of  the 
cocks  ®  are  supplied  by  Missouri,  Kansas,  Illinois,  Oklahoma,  Chat- 
tanooga, Tenn.,  and  Nebraska.  More  than  71  per  cent  of  the  ducks 
originate  in  Missouri,  Tennessee,  Kansas,  Illinois,  Nebraska,  and 
Chattanooga,  Tenn.  Geese  come  mainly  from  Missouri,  Tennessee, 
Kansas,  Illinois,  Iowa,  and  Chattanooga,  Tenn.,  72  per  cent  of  the 
total  supply  originating  at  these  points.  Of  the  live  turkeys,  82  per 
cent  come  from  seven  points:  Missouri,  Tennessee,  Illinois,  Nebraska, 
Oklahoma,  Chattanooga,  Tenn.,  and  Atlanta,  Ga.  The  two  cities 
mentioned  are  reshipping  points. 


'  Fowl,  mature  female  chicken. 

3  Broilers,  young,  soft-meated  chickens  weighing  not  more  than  2^  pounds. 

*  Chickens,  young,  soft-meated  chickens,  weighing  more  than  2H  pounds. 

«  Stags,  male  chickens  showing  considerable  sexual  development  and  hard-meated  condition. 

*  Cocks,  mature  male  chickens. 
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Table  2. — Live  -poultry;  percentage  of  each  class  received  at  New  York  City  from 
reported  origins,  average  1923-24  and  1925-26 


Origin 

Fowl 

Broilers 

Chick- 
ens 

Stags 

Cocks 

Culls 

Ducks 

Geese 

Tur- 
keys 

Per  cent 

0.15 

.41 

1.16 

3.99 

3.24 

.20 

.01 

.11 

17.81 

3.52 

3.75 

10.63 

2.20 

.33 

.20 

1.01 

.15 

.17 

22.73 

6.01 

1.19 

.07 

.89 

4.12 

6.96 

.67 

.06 

Per  cent 

0.07 

1.20 

1.40 

2.21 

.13 

.90 

.05 

.13 

10.49 

1.01 

1.61 

5.63 

.40 

3.67 

.50 

4.17 

.07 

"28."  44" 

6.37 

17.96 

.27 

2.58 

1.28 

2.28 

.43 

.07 

.02 

"l.'os" 

.80 

4.43 

.35 

Per  cent 
0.25 

.22 
1.17 
2.75 
3.97 

.23 

Per  cent 

0.35 

.35 

2.82 

17.92 

.35 

Per  cent 
0.31 

.84 

2.32 

8.57 

.74 

.11 

Per  cent 
0.23 
.22 
.46 
2.95 
1.13 
.01 
.01 

"is."  88' 

3.40 

8.18 

11.12 

.45 

.03 

.23 

.36 

.22 

.23 

22.74 

7.49 

.26 

.01 

.98 

2.48 

10.20 

.46 

Per  cent 

0.38 

.66 

.75 

6.95 

3.29 

.09 

.01 

.09 

17.70 

3.94 

5.92 

7.61 

2.36 

.01 

Per  cent 

0.27 

.27 

.54 

8.10 

3.90 

.27 

Per  cent 
0  42 

Arkansas 

84 

Atlanta,  Ga 

8  05 

8  89 

Chicago,  111 

2  52 

Delaware. 

Georgia 

.22 

16.84 

3.05 

4.47 

12.21 

1.67 

.15 

.06 

1.14 

.34 

.40 

21.14 

6.84 

.21 

.03 

.30 

5.08 

10.18 

.71 

.06 

""i6."88" 
.19 

"ii.'eo" 

9.14 
.02 

"""."35" 

'"24."6i" 
1.39 
.04 

'""."02" 
2.11 
9.45 
1.04 

.27 

10.91 

2.00 

3.54 

11.70 

2.22 

.10 

.06 

.95 

.16 

.32 

23.62 

9.85 

.22 

.03 

.13 

4.77 

8.78 

.38 

.10 

"17."  92' 
2.42 
6.07 
5.66 
4.72 

84 

13  17 

Indiana   — 

.84 

4  20 

Kentucky 

2  96 

Maine         . 

Maryland  ._ . 

M  assachusetts 

.48 

.09 

.47 

24.94 

8.45 

.07 

.02 

.29 

3.94 

3.75 

.19 

.27 
.27 
..54 
27.48 
4.45 
.01 

""""."02" 

3.91 

4.03 

.80 

Minnesota  .. 

1  26 

Missouri . , 

22.45 

Nebraska  .      

8.87 

New  Hampshire.- 

05 

New  Jersey 

.02 

New  York  - 

Ohio 

.84 

Oklahoma         

11.44 

Pennsylvania 

1.70 

Philadelphia,  Pa 

Rhode  Island 

South  Dakota- 

.71 
3.25 
3.32 
.87 
.02 
.09 

.99 
2.62 
2.31 
.26 
.01 
.12 

.35 

6.32 

.70 

.79 
4.97 
.95 
.18 
.01 
.10 

1.14 
1.83 
7.25 
.05 
.01 

1.22 
5.54 
.47 
.12 
.01 
.19 

.80 

6.33 

.67 

.01 

""".'27' 

.42 

Tennessee  .. . 

9.31 

Texas 

.84 

Vermont 

.06 

Virginia 

.02 

Wisconsin 

Total 

100.00 

100.00 

100.00 

100.00 

100.00 

100.00 

100.00 

100.00 

100.00 

Three-fifths  of  all  the  culls  ^  on  the  New  York  City  live-poultry 
market  come  from  the  four  States  of  Missouri,  Kansas,  Illinois,  and 
Oklahoma,  but  it  must  not  be  inferred  that  an  abnormal  percentage 
of  the  shipments  from  these  States  are  culls,  since  a  corresponding 
proportion  of  the  total  supplies  also  comes  from  these  States.  As  a 
matter  of  fact,  the  States  from  which  the  greatest  proportion  of  culls 
are  shipped  in  comparison  with  the  total  shipments  from  these  States 
are  Texas,  Iowa,  and  South  Dakota.  (Table  3.)  The  average  mar- 
keting cost  per  pound  for  these  States  is  8.8,  5.2,  and  6.5  cents,  respec- 
tively, whereas  the  average  wholesale  price  for  culls  quoted  in  New 
York  City  is  8  cents  per  pound.  It  is  obvious  that  the  wholesale  price 
to  the  receiver  of  culls  frequently  is  not  sufficient  to  pay  the  cost  of 
marketing  them.  Off -grade  poultry  should  be  consumed  as  near  the 
point  of  production  as  possible. 


^  Culls,  poultry  which  is  fit  for  human  food,  but  which  may  be  thin,  lacking  vigor,  or  deformed  or  blem- 
ished in  such  a  way  as  to  render  it  salable  only  at  a  considerable  discount  from  prevailing  prices  for  live 
poultry  of  its  class. 
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Table  3. — Live  poultry;  percentage  of  all  classes  received  by  origins  at  New  York 
City,  average  1923-24  and  1925-26 


Origin 

Fowl 

Broil- 
ers 

Chick- 
ens 

Stags 

Cocks 

Ducks 

Geese 

Tur- 
keys 

Culls 

All 
classes 

Per  cent 
22.68 
26.10 
27.26 
26.90 
40.49 
25.94 
22.81 
37.77 
41.79 
31.29 
35.01 
34.07 
19.87 
45.14 
27.02 
26.81 
20.00 
3i.93 
28.99 
16.52 
35.12 
41.54 
34.46 
31.63 
36.56 
37.50 

Per  cent 

3.21 

24.58 

10.58 

4.78 

.53 

37.97 

9.02 

7.14 

3.85 

4.31 

5.95 

1.99 

71.06 

35.44 

35.78 

3.83 

"12.' 82" 

9.85 

79.58 

43.44 

38.66 

3.42 

3.32 

7.60 

12.50 

100.00 

.05 

3.20 

3.92 

55.14 

76.80 

Per  cent 
25.89 

9.61 
19.21 
12.95 
34.77 
21.40 
31.83 
24.95 
25.37 
26.09 
28.12 
18.07 

6.22 

9.71 
21.27 
42.55 
32.42 
20.78 
23.07 

2.02 
11.90 

9.73 
29.71 
32.33 
27.20 
25.00 

Per  cent 
3.21 
1.36 
4.06 
7.41 
.27 

""i."42' 
.14 

"■2."34' 

8.70 

.07 

--.-57- 

'2.' 12" 
.41 
.03 

■"".'06' 
1.08 
2.63 
3.51 

Per  cent 

19.12 

21.94 

22.22 

23.54 

3.77 

6.09 

22.81 

9.42 

9.70 

12.05 

15.68 

14.06 

2.57 

4.99 

10.32 

11.49 

15.03 

13.51 

19.32 

1.23 

6.55 

2.43 

16.23 

16.24 

8.51 

25.00 

Percent 
13.04 
9.61 
4.04 
10.75 
9.42 
2.81 
4.51 
8.60 
10.73 
11.33 
6.74 
8.39 
.07 

Per  cent 
6.43 
2.72 
2.03 
8.73 
7.81 
5.63 

'"'6.' 08' 
4.59 
8.10 
2.98 
11.72 

Per  cent 
3.21 
2.72 
9.60 
3.05 
1.60 

""9."  62" 
1.42 

""'"."36" 

.70 

2.34 

Per  cent 
3.21 
1.36 
1.00 
1.89 
1.34 
.16 

""'3."  20' 

3.83 

6.47 

3.48 

.66 

.14 

4.72 

.92 

3.83 

2.48 

3.03 

3.42 

.34 

.60 

4.31 

1.96 

4.39 

2.40 

Per  cent 
100 

Arkansas 

100 

Atlanta,  Ga 

100 

Chattanooga,  Tenn. 
Chicago,  111 

100 
100 

Connecticut 

100 

Georgia -- 

100 

Illinois 

100 

Indiana 

100 

Iowa - 

100 

Kansas 

100 

Kentucky 

100 

100 

Maryland 

100 

Massachusetts 

Michigan  .. 

2.95 
3.83 
12.55 
8.03 
9.34 
.23 
1.79 
3.10 
7.55 
3.90 
2.40 

1.17 
7.66 
10.07 
6.18 
3.43 
.02 
........ 

5.23 
2.92 
7.08 



'"'7."45' 

1.60 

2.17 

.03 

.60 

""".'36" 
2.64 
4.74 

100 
100 

Minnesota 

100 

Missouri .  ... 

100 

Nebraska  .. 

100 

New  Hanpshire 

New  Jersey 

100 
100 

New  York... 

100 

Ohio 

Oklahoma... 

Pennsylvania 

Philadelphia,  Pa.... 

100 
100 
100 
100 

Rhode  Island 

100 

South  Dakota 

Tennessee 

31.21 
30.21 
50.54 
33.64 
12.80 
28.75 

30.28 
16.99 
24.62 
6.95 
4.80 
28.74 

.93 

3.60 

.65 

14.07 
18.81 
5.89 
2.85 
3.20 
14.17 

12.20 

11.79 

1.63 

1.10 

.80 

14.17 

5.61 

9.40 

1.63 

.05 

"i4.'i7' 

.93 
4.39 
.65 
.09 
.80 

4.72 

1.61 

10.47 

.18 
.80 

100 
100 

Texas 

100 

Vermont 

100 

Virginia 

100 

Wisconsin 

100 

Average 

33.07 

10.61 

23.13 

2.03 

13.47 

7.58 

5.29 

1.68 

3.14 

100 

SEASONAL  VARIATION  IN  RECEIPTS  OF  DIFFERENT  CLASSES 

The  seasonal  changes  in  receipts  vary  greatly  with  the  different 
classes  of  poultry.  In  the  case  of  fowl  the  variation  of  receipts  from 
month  to  month  is  not  so  marked  as  in  some  of  the  other  classes,  but 
a  larger  part  of  the  total  annual  receipts  of  this  class  arrives  during 
the  winter  and  early  spring  months  than  during  the  remaining  months 
of  the  year.  (Fig.  12.)  Broiler  receipts  attain  a  maximum  between 
May  and  September,  during  which  period  approximately  75  per  cent 
of  the  total  annual  sales  of  this  class  are  made.  (Fig.  13.)  The 
receipts  of  chickens,  on  the  other  hand,  are  the  reverse  of  fowl,  as 
chickens  arrive  in  the  greatest  quantity  during  the  fall  and  early 
winter.  (Fig.  12.)  Ducks,  geese,  and  turkeys  arrive  in  greatest 
quantity  in  the  fall  and  early  winter.  (Fig.  14.)  Culls  show  but 
slight  seasonal  change,  whereas  practically  all  the  stags  come  on  the 
market  during  March,  April,  and  May.     (Tables  15,  16,  and  17.) 

CHANGES  IN  WINTER  BROILER  SUPPLY 

During  1927  much  was  WTitten  about  the  apparent  gi'ow^th  of  special- 
ized enterprises  operated  solely  for  the  production  of  broilers  during 
the  entire  year.  Some  of  the  writers  entertained  grave  fears  that  this 
new  industry  would  so  increase  the  supply  of  this  class  of  poultry, 
especially  in  the  winter,  as  to  throw  the  entire  industry  out  of  adjust- 
ment. As  a  matter  of  fact  it  has  been  impossible  actually  to  locate 
many  enterprises  which  devote  all  their  resources  to  broiler  produc- 
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tion.  It  seems  more  probable  that  increased  broiler  production  will 
be  a  development  incidental  to  commercial  poultry  production  rather 
than  a  distinct  industry  by  itself. 

The  data  assembled  in  this  study  indicate  clearly  that  a  large 
development  of  express  shipments  of  winter  and  early  spring  broilers 
has  taken  place  in  New  Hampshire.  Table  4  includes  data  assembled 
by  the  New  Hampshire  Agricultural  Experiment  Station,  which  is 
making  a  comprehensive  study  of  the  broiler  industry  in  that  State. 

The  express  shipments  of  live  winter  broilers  from  New  Hampshire 
increased  from  about  44,000  pounds  in  1925  to  about  224,000  pounds 
in  1926,  or  more  than  400  per  cent.  Not  only  was  the  absolute 
increase  of  this  class  of  poultry  from  New  Hampshire  very  marked, 
but  the  proportion  received  from  this  State  as  compared  with  the 
total  receipts  on  the  New  York  market  for  the  two  years  also  shows 
a  striking  increase.  In  1926  express  shipments  of  this  class  of  poultry 
from  New  Hampshire  embraced  60,  84,  and  57  per  cent  of  the  total 
receipts  for  this  class  of  live  poultry  for  January,  February,  and 
March,  respectively. 

In  1927  a  considerable  increase  in  the  absolute  quantity  of  this 
class  of  poultry  over  1926  occurred.  In  the  latter  year  the  receipts 
were  about  299,000  pounds,  or  an  increase  of  about  33  per  cent  over 
the  previous  year.  The  percentage  of  express  receipts  from  New 
Hampshire  as  compared  with  the  total  receipts  on  the  New  York 
market  was,  however,  less  than  in  1926. 

Table  4. — Proportion  of  winter  broilers  received  at  New  York  City  by  express  from 
New  Hampshire,  1925-1927 


Week  ending 

1925 

1926 

1927 

Week  ending 

1925 

1926 

1927 

Jan.  1 

Per  cent 

0 

0 

0 

11.6 
31.6 
31.2 
61.0 
82.3 

Per  cent 
0 

55.1 
24.9 
80.0 
87.1 
71.7 
84.9 
87.4 

Per  cent 
64.1 
32.2 
22.6 
78.8 
65.1 
79.6 
68.1 
70.4 

Feb.  26— 

Per  cent 
69.2 
72.5 
74.5 
39.1 
62.2 
55.7 

Per  cent 
91.6 
81.3 
62.5 
59.4 
56.7 
43.3 

Per  cent 
73.8 

Jan.  8 

Mar.  5 

67.1 

Jan. 15- 

Mar.  12-_. 

53.4 

Jan.  22 

Mar.  19 

73.8 

Jan.  29. 

Mar.  26 

60.1 

Feb.  5 

Apr.  2 

57.4 

Feb  12 

Average.- 

Feb.  19 

57.9 

64.2 

62.5 

Compiled  from  records  of  the  New  Hampshire  Agricultural  Experiment  Station. 
SPECIALIZATION  AMONG  DEALERS 

Some  receivers  deal  only  in  express  shipments,  whereas  others 
secure  their  supplies  exclusively  by  freight.  In  the  remaining  cases 
both  methods  are  employed.  Two  wholesale  receivers  were  found  to 
have  had  consignments  made  to  them  by  both  freight  and  express, 
but  the  great  bulk  was  received  by  freight.  One  receiver  secured 
all  of  his  supplies  by  freight  and  another  received  all  of  his  supplies 
by  express. 

The  manner  of  shipping  the  three  main  classes  of  poultry — fowl, 
broilers,  and  chickens — also  shows  considerable  variation.  Freight 
shipments  of  fowl  embraced  more  than  98  per  cent  of  the  total, 
broilers  82  per  cent,  and  chickens  99  per  cent.  Of  the  other  classes 
all  but  a  fraction  of  1  per  cent  comes  by  freight. 

The  dealers  vary  considerably  in  the  relative  quantity  of  the 
different  classes  of  poultry  handled.  Upward  of  75  per  cent  of  the 
receipts  of  three  dealers   (Table  5)  consists  of  fowl,  chickens,  and 
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cocks,  whereas  one  dealer  received  but  68  per  cent  of  these  classes, 
and  another  received  less  than  30  per  cent.  On  the  other  hand, 
nearly  70  per  cent  of  the  total  receipts  of  the  latter  dealer  are  broilers. 
For  the  other  dealers  the  receipts  of  this  class  range  from  3  to  16 
per  cent.  Similarly,  the  different  dealers  vary  considerably  in  the 
relative  quantity  of  the  different  classes  handled  each  month. 

Table  5. — Variations  in  the  quantities  of  the  classes  of  live  poultry  handled  by  five 
dealers,  average  1923-24  and  1925-26 


Class 

Percentages  handled  by  — 

Dealer  1 

Dealer  2 

Dealer  3 

Dealer  4 

Dealer  5 

Fowl       

Per  cent 

37.90 

7.94 

22.58 

1.51 

13.60 

7.87 

6.39 

1.44 

1.77 

Per  cent 

36.55 

4.96 

26.04 

1.65 

14.81 

6.70 

4.61 

1.64 

3.04 

Per  cent 

39.98 

5.37 

21.23 

1.22 

12.62 

8.77 

5.71 

1.89 

3.21 

Per  cent 

23.47 

69.28 

3.98 

.04 

2.04 

.72 

.04 

.05 

.38 

Percent 
37.67 

14.74 

Chickens 

17.45 

Stags  .  -          - 

1.55 

Cocks 

12.44 

Ducks 

7.31 

Geese 

5.46 

Turkeys 

1.46 

Culls 

1.92 

Total.. 

100.00 

100.00 

100.00 

100.00 

100.00 

Some  dealers  operate  exclusively  on  a  commission  basis,  whereas 
others  may  deal  on  this  basis,  or  may  purchase  outright  from  the 
shipper,  or  may  join  with  him  in  the  purchase  of  a  car  of  poultry  and 
share  with  him  the  profits  or  losses.  The  latter  method  is  known  in 
the  trade  as  ''joint  account."  Dealers  who  handle  poultry  on  both 
consignment  and  f.  o.  b.  basis  vary  somewhat  in  the  relative  quantity 
of  the  receipts  which  come  on  consignment  or  f.  o.  b.  from  month  to 
month,  but  in  a  large  way  these  types  of  transactions  follow  the  same 
general  course.  Both  Hnds  of  dealers  receive  a  considerable  per- 
centage f .  o.  b.  in  January,  August,  and  September,  but  aside  from  these 
months  they  vary  considerably  in  the  relative  quantity  received  in 
corresponding  months  in  these  two  types  of  transactions.  It  is 
therefore  difficult  to  explain  why  dealers  who  regularly  engage  in 
the  two  types  of  transactions  vary  from  each  other  as  much  as  they 
do  in  the  time  they  choose  for  receiving  goods  under  one  plan  or  the 
other.  Probably  their  judgment  varies  as  to  when  it  will  be  most 
profitable  for  them  to  receive  goods  on  commission  or  on  outright 
purchase. 

DEMAND  FOR  LIVE  POULTRY 

Members  of  the  live-poultry  trade  estimate  that  about  80  per 
cent  of  the  live  poultry  that  enters  the  metropolitan  area  of  New 
York  is  consumed  by  the  Jewish  population.  The  growth  of  the 
industry  corresponds  rather  closely  with  the  growth  of  the  Jewish 
population,  which  for  the  past  25  years  has  been  as  follows:^ 


1900. 
1910. 


400,  000 
975,  000 


1920 1,643,012 

1925 _   1,750,000 


8 1900  and  1910  figures  were  obtained  from  The  American  Jewish  Year  Book.  1920  and  1925  figures  were 
based  upon  a  survey  of  the  Federal  Council  of  Churches  and  a  survey  of  the  Bureau  of  Jewish  Education, 
respectively. 


29079°— 29- 
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Of  the  receipts,  about  10  per  cent  is  consumed  by  the  Itahan  and 
10  per  cent  by  other  groups  of  the  gentile  population.  It  is  not 
surprising,  therefore,  to  find  that  the  live-poultry  industry  in  this 
market  is  greatly  influenced  by  Jewish  customs  and  religion.  As  a 
matter  of  fact,  many  of  the  peculiarities  of  the  industry  are  traceable 
to  them,  and  they  must  necessarily  be  taken  into  account  in  any 
price  analysis  which  may  be  undertaken.^  For  example,  the  orthodox 
Jewish  church  requires  that  poultry  be  kosher  killed,  that  is,  a 
deputy  of  the  Jewish  rabbi  (shochet)  must  slaughter  the  bird. 

The  poultry  is  slaughtered  in  plants  of  various  sizes,  of  which 
there  are  about  600,  clustered  in  different  parts  of  the  metropolitan 
area   of   New   York.     (Fig.    15.)     The   smaller   plants    are   crudely 


Figure  15.— Interior  of  live-poultry  slaughterhouse.  This  establishment  istyi)i(al  of  iho  iiicdiura 
and  larger  sized  plants.  Note  the  shochet  ready  to  kill  a  fowl  in  liosher  manner,  and  women  select- 
ing poiiltry 

equipped  and  unsanitary  in  appearance.  It  is  believed  that  the 
modernization  of  slaughtering  plants  would  result  in  a  material 
expansion  of  the  industry  by  opening  up  new  sources  of  demand 
among  both  the  gentile  and  the  Jewish  populations. 

The  day  of  largest  Jewish  consumption  is  ordinarily  Saturday, 
the  Jewish  Sabbath.  Supplies  are  accumulated  during  the  early 
days  of  the  week  in  order  to  take  care  of  the  unusual  trade  require- 
ments for  this  day.  In  winter,  preparations  for  Saturday  consump- 
tion are  made  on  Thursday;  during  the  warmer  months  they  are 
made  on  Friday. 

The  Jewish  feast  and  fast  days  introduce  another  important  factor 
in  the  demand  for  live  poultry  on  this  market.  The  principal  Jewish 
holidays  come  during  the  early  fall  and  the  early  spring  months,  and 
at  these  times  the  quantity  consumed  is  much  greater  than  usual. 


«  For  more  detailed  discussion,  see  p.  48  et  seq. 
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A  detailed  analysis  of  the  costs  of  marketing  live  poultry  from 
shipping  point  to  slaughterhouse  includes  a  number  of  factors.  Costs 
per  pound  for  each  specific  service  have  been  computed  in  this  study, 
such  as  costs  incurred  while  the  poultry  is  in  transit  from  shipping 
point  to  terminal  (including  freight,  carman,  feed,  and  the  like,  and 
listed  as  transportation  costs),  coop  rental,  cartage,  unloading,  and 
commission.  These  costs  have  been  summarized  and  tabulated  to 
show  the  total  cost  per  pound  of  live  poultry  coming  from  the  various 
States  and  cities  of  origin. 

TRANSPORTATION 

The  costs  listed  under  transportation,  which  are  compiled  on  both 
a  per  pound  and  per  carload  basis,  vary  with  the  distance  of  haul, 
length  of  time  in  transit,  and  the  net  weight  of  the  poultry.  The  net 
weight  varies  with  the  season  and  the  class  of  poultry.  (Tables 
6  and  8.) 

Table  6. — Average  transportation  cost  per  pound  of  live  poultry  shipped  hy  freight 
and  by  express  to  New  York  City,  by  origin,  average  1923-24  and  1925-26  ^ 


Origin 

Cost  of  shipments 
by«- 

Origin 

Cost  of  shipments 
by»- 

Freight 

Express 

Freight 

Express 

Alabama 

Cents 
4.541 
5. 152 
3.568 
3.822 
2.839 
2.939 
3.762 
3.300 
2.475 
3.172 
4.931 
3.518 
2.557 
3.667 
3.788 
6.640 
4.851 

Cents 

Missouri 

Cents 
4.242 
4.571 

Cents 

Nebraska -- 

Atlanta,  Ga 

New  Hampshire 

2  486 

Chattanooga,  Tenn 

New  Jersey    . 

1  850 

Chicago,  111 

New  York 

1.786 
2.252 
5.367 
2.797 
1.900 

2.461 

Connecticut--  - 

1.996 

Ohio    

Georgia 

Oklahoma 

' 

Pennsylvania 

2,569 

Indiana 

Philadelphia,  Pa-. 

Iowa -.. 

Rhode  Island 

1.900 

Kansas - 

South  Dakota 

4.409 
3.535 
6.565 

Kentucky. - 

5.600 
3.301 
2.482 
2.364 

Tennessee 

Maine .- 

Texas 

Maryland -..     -- 

Vermont 

2  942 

Massachusetts 

Virginia 

3  068 

Michigan. 

Wisconsin 

3.180 

Minnp-sntA 

1  Transportation  costs  include  charges  for  freight,  carman,  feed,  demurrage,  stop-off,  and  reconsignment 
privilege. 
3  Based  on  the  net  weight  of  car  in  New  York  City. 

It  is  probable  that  most,  if  not  all,  of  the  car-lot  freight  shipments 
credited  to  several  of  the  New  England  States  originated  outside  of 
these  States.  For  example,  reshipments  from  Boston  to  New  York 
City  are  made  when  market  conditions  in  New  York  City  are  more 
favorable  or  when  off-grade  stock  can  not  be  disposed  of  on  the  Boston 
market.  The  same  situation  prevails  on  the  Philadelphia  market. 
The  express  transportation  costs  are,  therefore,  much  more  significant 
for  the  near-by  States  than  are  the  freight  costs,  and  conversely,  the 
freight  transportation  costs  are  more  significant  for  the  mid- Western 
States  and  the  South  than  are  the  express  costs,  inasmuch  as  express 
shipments  from  these  points  are  virtually  negligible. 

The  variation  in  transportation  costs  measures  the  relative  economic 
advantage   some   States  have   over  others,   resulting  from  greater 
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proximity  to  the  New  York  City  market,  more  favorable  railroad 
rates,  and  other  factors  already  mentioned.  As  between  Indiana  and 
Kansas  or  Nebraska,  for  example,  the  difference  in  these  costs  is  more 
than  2  cents  per  pound.  (Fig.  16.)  Part  of  this  difference  is  due  to 
the  fact  that  the  poultry  from  these  States  is  subject  to  a  railroad  tariff 
based  on  a  20,000-pound  minimum  rate  as  far  as  the  Mississippi  River, 
and  on  18,000  pounds  minimum  from  the  Mississippi  River  to  New 
York  City.  Indiana  shipments,  on  the  other  hand,  are  based  on  an 
18,000-pound  minimum  for  the  entire  distance. 

In  view  of  the  fact  that  the  average  net  weight  of  a  car  of  live 
poultry  is  about  16,700  pounds,  it  is  evident  that  shipments  from  the 
States  farther  west  must  bear  a  relatively  heavy  freight  burden.  To 
offset  this  disadvantage,  in  part  at  least,  it  would  be  necessary  for 
shipments  from  these  States  to  be  of  superior  quality  and,  therefore. 


COST  OF  SHIPPING  IN  CENTS  PER  POUND 
2  3^567 


TOTAL 
OHIO     -- ^.6 

INDIANA    --    ^.9 

CHICAGO.  ILL    5.1 

PENNSYLVANIA    ---     5.2 

IOWA    5.'f 

WISCONSIN    Sh 

ILLINOIS    5.6 

TENNESSEE--- 5.9 

MASSACHUSETTS  --  6.1 
CHATTANOOGA.TENN.  6.3 

MISSOURI    6.6 

SOUTH  DAKOTA  ----    6.7 

NEBRASKA    6.8 

MINNESOTA    7.2 

KANSAS   7.4 

OKLAHOMA    7.8 

MICHIGAN    7.9 

TEXAS    9.0 

AVERAGE    6.1 


IB  TransporlaTion  cosj 
B^  Commission 
V^  Coops 
E3  Cartage 
I     1  Unloading 


^m     '   I     'III 
■1   '     I   '  II  I 
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Figure  16. 


-Cost  Per  Pound  of  Shipping  Live  Poultry  by  Freight  to  New 
York  Arranged  by  Source  of  Origin 


Distance  from  the  New  York  market  is  the  most  important  factor  in  marketing  costs. 

of  relatively  high  value.  As  compared  with  Indiana,  however, 
which  has  attained  such  a  high  reputation  for  the  quality  of  its  live 
poultry  that  the  term  "Indianas"  is  synonymous  with  high  quality, 
the  more  westerly  States  probably  have  no  advantage  in  this  respect. 
Other  mid- Western  States  that  lie  west  of  the  Mississippi  River  are, 
in  varying  degrees,  subject  to  the  same  handicap  as  that  of  Kansas. 
However,  the  railroad  company  furnishes  free  transportation  to  the 
carman  on  the  return  trip  when  the  car  originates  at  certain  points 
west  of  the  Mississippi  River.  When  the  car  originates  east  of  the 
river,  free  return  transportation  is  not  furnished  by  the  railroad 
company.  This  fact,  in  a  measure  at  least,  tends  to  offset  the  dis- 
advantage suffered  by  the  States  west  of  the  river,  as  a  result  of  the 
20,000-pound  minimum. 

Another  factor  that  should  be  mentioned  is  that  those  instances 
in  which  a  20,000-pound  minimum  prevails  from  points  west  to  the 
Mississippi  River,  a  class  rate  is  in  force  to  the  river  and  a  commodity 
rate  with  an  18-000-pound  minimum  from  the  river  to  New  York. 
From   Texas,   however,    a   commodity   rate   with   an    18,000-pound 
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minimum  prevailed  throughout  the  entire  distance  in  every  case  that 
was  investigated. 

The  expense  of  the  carman  constitutes  a  considerable  item  in  the 
transportation  expenses,  and  this  item  varies  with  the  length  of  haul. 
The  carman,  as  a  rule,  receives  a  flat  wage  of  $10  per  day  and  certain 
perquisites,  as  for  example,  the  receipt  of  a  certain  number  of  cents 
per  pound  for  the  actual  gain  in  the  weight  of  poultry  which  may  be 
effected  by  judicious  feeding  while  en  route,  and  the  returns  he  may 
receive  for  the  eggs  produced  while  the  poultry  is  in  transit.  These 
eggs  sometimes  amount  to  three  or  fom*  cases  on  a  single  trip;  the 
number  probably  averages  about  one  case.  Instances  occur  in  which 
gains  in  weight  of  poultry  in  transit  amount  to  more  than  1,000 
pounds  per  car.  One  instance  of  more  than  2,000  pounds  of  gain  was 
reported.  Gains  of  less  than  500  pounds  are  much  more  frequent, 
however,  and  cases  of  loss  of  weight  are  more  numerous  than  are 
instances  of  gains.     (Table  7.) 

Table  7. — A'^e^  gain  or  loss  in  live  weight  of  poultry  shipped  to  New  York  City 


Net  change  in  weight  per  car  (pounds) 


Gain 


Cars 


Per- 


Cnmula- 
tive  per- 
centage 


Loss 


Cars 


Per- 
centage 


Cumula- 
tive per- 
centage 


Less  than  200 

200  to  399 

400  to  599 

600  to  799 

800  to  999 

1,000  to  1,199 - 
1,200  to  1,399.. 
1,400  to  1,599. 
1,600  to  1,799. 
1,800  to  1,999. 
2,000  or  more. 

Total-. 


39.05 

25.76 

17.17 

9.44 

4.72 

.43 

.86 

.43 

L29 

.43 

.43 


39.05 
64.80 
81.97 
91.41 
96.13 
96.56 
97.42 
97.85 
99.14 
99.57 
100.00 


110 
101 
73 
74 
36 
31 
20 


23.76 

21.81 

15.77 

15.98 

7.78 

6.70 

4.32 

1.94 

.64 

.65 

.65 


23.76 
45.57 
61.34 
77.32 
85.10 
91.80 
96.12 
98.06 
98.70 
99.35 
100.00 


233 


100.00 


463 


100.00 


1  Two  hundred  and  thirty-three  cars  showed  an  average  gain  of  325  pounds  per  car.    463  oars  showed  an 
average  loss  of  500  pounds  per  car.    696  cars  showed  a  loss  averaging  224  pounds  per  car. 

Current  gossip  indicates  that  losses  in  weight  of  cars  occur,  or  gains 
are  relatively  smaller  than  they  should  be,  because  of  the  practice  of 
some  carmen  of  selling  poultry  en  route  or  of  giving  it  away  in  return 
for  favors.  The  extent  of  tins  practice  is  difficult  to  determine,  but 
that  it  costs  in  the  aggregate  large  sums  of  money  to  the  shipper  is 
the  opinion  of  those  who  expressed  themselves  on  the  subject. 

At  the  terminals  some  carmen  are  said  to  engage  in  such  practices 
as  the  sale  of  small  lots  of  poultry  for  a  nominal  sum;  the  gift  of 
poultry  in  return  for  special  favors;  the  connivance  with  the  weigh- 
man  in  the  matter  of  weights  to  their  mutual  advantage;  and  the 
sale  of  remnants  of  feeds  left  in  the  car,  the  proceeds  of  which  are  not 
returned  to  the  shipper.  The  extent  of  these  malpractices  can  not 
be  definitely  determined,  but  their  existence  has  a  tendency  to  con- 
tribute toward  lowering  the  morale  of  the  industry  and  to  arouse 
distrust  even  where  it  is  not  warranted.  All  agencies  interested  in 
promoting  the  welfare  of  this  industry — among  them  the  railroads 
and  those  in  charge  of  terminal  facilities — should  assist  in  eradicating 
these  evils. 
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COST  OF  COOPS 

As  has  been  stated,  the  coops  for  transferring  live  poultry  from  the 
railroad  terijainal  to  the  slaughterhouse  or  to  West  Washington 
Market  are  furnished  by  a  coop  company  at  a  rental  charge  of  $1 
per  coop  for  each  use.  This  amount  is  charged  against  the  shipper 
and  is  deducted  by  the  receiver  when  making  returns  to  the  shipper. 
Of  this  dollar,  65  cents  is  retained  by  the  coop  company,  and  35  cents 
is  paid  by  them  to  the  buyer  (slaughterhouse  man)  when  he  brings 
back  the  coops,  in  order,  it  is  said,  to  insure  their  prompt  return. 

It  is  estimated  that  the  price  of  making  a  coop,  including  costs 
of  material  and  labor,  is  about  $2.50,  and  the  average  life  of  a  coop 
is  variously  estimated  at  from  25  to  200  trips.     After  every  trip  the 
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Figure   17.— Average  Cost  Per  Pound   of  Marketing  Live  Poultry  by 
Freight  from  Point  of  Shipment  to  Slaugterhouses  in  New  York  City 

The  average  costs  per  pound  of  marketing  live  poultry  are  greatest  in  summer.  The  sharp 
rise  in  transportation  costs  during  midwinter  is  caused  by  the  distance  of  haul  and  peculiarities  of 
rate  structure. 


coop  is  repaired,  for  which  a  fixed  rate  of  6  cents  is  paid  by  the  coop 
company  to  its  regular  corps  of  workers. 

Although  the  cost  for  coops  is  constant,  the  cost  per  pound  of 
poultry  for  this  service  varies  somewhat  during  the  different  seasons 
of  the  year.  Inspection  of  Figure  17  and  Table  9  reveals  that  the 
average  annual  cost  for  this  service  is  about  1  cent  per  pound  and 
that  it  reaches  a  maximum  during  the  summer.  This  is  due  to  the 
fact  that  a  fixed  charge  is  made  for  this  service,  while  the  net  weight 
of  the  poultry  per  coop  is  less  in  the  summer  than  it  is  during  the 
cooler  seasons.  This  constant  charge,  distributed  over  varying 
weights,  causes  the  changing  costs  per  pound  from  month  to  month. 
Again,  the  net  weight  per  coop  for  certain  classes  of  poultry — broilers, 
for  example,  which  normally  come  in  greatest  quantity  during  the 
summer  months — is  less  than  for  other  classes,  which  causes  a  rela- 
tively high  cost  per  pound  for  this  service  for  poultry  of  this  class. 

COST  OF  CARTAGE 

Another  company  has  a  contract  for  carting  poultry  from  the  vari- 
ous terminals  to  West  Washington  Market.     For  this  service  a  fee  of 
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50  cents  per  coop  is  charged,  which  constitutes  another  deduction 
from  the  gross  value  of  the  poultry.  The  cartage  company  receives 
50  cents  per  coop  for  moving  the  entire  contents  of  the  car,  which 
normally  consists  of  about  90  coops,  whereas  in  reality  they  may  be 
called  upon,  on  the  average,  to  move  only  about  one-third  of  this 
quantity.  The  remaining  two-thirds  is  trucked  directly  by  the  buyers 
from  the  terminals  to  their  respective  slaughterhouses.  In  case  the 
cartage  company  is  employed  to  move  the  poultry  direct  from  the 
terminal  to  the  slaughterhouse  a  fee  in  addition  to  the  contract  fee  is 
charged,  which  varies  with  the  length  of  the  haul.  Similarly,  when 
the  cartage  company  moves  the  poultry  from  West  Washington 
Market  to  the  slaughterhouse,  a  charge  in  addition  to  the  contract 
price  is  made. 

UNLOADING  COSTS 

The  labor  cost  of  unloading  the  poultry  is  $50  per  car,  and  in  addi- 
tion $3  per  car  is  paid  to  a  contractor  whose  duty  it  is  to  see  that 
sufficient  crews  of  men  are  provided  to  render  this  service. 

When  the  records  upon  which  this  study  is  based  were  taken  from 
the  books  of  the  dealers,  the  cost  per  car  for  unloading,  including  the 
contractor's  fee,  was  $33  instead  of  $53  as  at  present.  In  the  fall  of 
1926  the  ''pullers,"  as  they  are  called,  went  on  strike  and  obtained  an 
increase  of  $20  per  car.  Previous  to  this  time  each  of  the  five  men 
which  constitutes  a  crew  received  $6  per  car.  It  requires,  on  an 
average,  about  two  hours  for  five  men  to  unload  a  car.  It  is  thus 
seen  that  wage  adjustments  for  this  service  have  been  made  with  a 
view  to  providing  a  living  income  (about  $160  per  month)  based  upon 
from  two  to  three  hours'  work  per  day  for  a  4-day-a-week  job. 

An  interesting  division  of  labor  has  been  developed  in  this  work  of 
unloading.  Two  men  pull  the  poultry  from  the  different  layers  of  the 
car  and  hand  it  to  two  others,  who  carry  it  from  the  interior  of  the 
car  to  the  platform  and  deposit  it  in  the  coop  which  has  been  prepared 
by  the  fifth  man,  who  determines  when  the  coop  is  sufficiently  loaded 
and  who  then  nails  on  the  slat  preparatory  to  loading  into  the  truck. 
The  number  of  birds  put  into  each  coop  varies  with  the  class  and  time 
of  year. 

A  different  crew  of  men,  which  is  provided  by  the  cartage  company, 
loads  the  poultry  on  the  trucks  to  be  moved  either  to  West  Washing- 
ton Market  or  to  the  slaughterhouses.  Inasmuch  as  these  men  are 
employed  by  the  five-poultry  cartage  company,  this  expense  requires 
no  further  comment  as  it  is  included  in  the  cost  of  cartage. 

Another  service  rendered  at  the  terminal  is  that  of  weighing  the 
poultry  preparatory  to  loading  on  trucks  for  delivery  to  the  slaughter- 
houses. As  the  receiver  provides  the  weighmaster  and  pays  for  his 
services  out  of  the  proceeds  of  the  commission,  this  service  results  in 
no  further  deduction  from  the  returns  made  to  the  shipper,  but  there 
appears  to  be  unanimous  agreement  among  shippers  that  many  evils 
have  crept  into  the  present  method  of  weighing  the  poultry  at 
terminals. 

The  sentiment  of  the  shippers  with  reference  to  the  costs  of  coops, 
cartage,  and  unloading,  and  with  reference  to.  the  present  method  of 
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weighing,  is  well  expressed  in  a  resolution  adopted  in  a  recent  con- 
ference of  live-poultry  shippers  at  Kansas  City,  which  reads  as  follows : 

We  deplore  the  present  unloading  expense  in  the  New  York  City  market  and 
recommend  the  elimination  of  coop  rental,  trucking,  and  unloading  charges,  feel- 
ing that  shipper's  liability  for  expense  should  cease  when  the  sale  of  car  is  con- 
summated. 

We  urge  the  appointment  of  a  Federal  Government  weighmaster  and  the  use 
of  a  dial  scale  for  the  weighing  of  poultry. 

COMMISSION 

The  wholesale  receivers  of  live  poultry  on  the  New  York  City 
market  operate  mainly  on  a  commission  basis.  The  amount  of  the 
commission  is  approximately  4  per  cent  of  the  gross  price  for  freight 
shipments  and  5  per  cent  for  express  shipments.  Variations  from 
this  standard  rate  are  frequent  in  practice  on  account  of  the  peculiari- 
ties of  the  price-making  mechanism  (described  later)  which  charac- 
terizes the  live-poultry  market  in  New  York  City. 

The  various  marketing  costs  per  pound  are  listed  by  representative 
States  in  Table  8,  which  shows  that  the  commission  cost  averages 
slightly  more  than  1  cent  per  pound.  Inasmuch  as  the  commission  is 
directly  proportional  to  the  price  of  the  poultry,  such  variations  as 
exist  are  dependent  on  the  differences  in  price.  During  the  winter 
and  early  spring  months,  when  a  very  considerable  percentage  of  the 
supply  comes  from  the  South  and  Southwest,  some  of  the  more 
important  Jewish  holidays  occur.  Before  and  during  these  hoUdays 
the  prices  of  hve  poultry  are  likely  to  be  relatively  high.  This  prob- 
ably accounts  for  the  fact  that  the  commission  per  pound  for  ship- 
ments from  Chattanooga,  Tenn.  (at  which  place  shipments  from 
several  of  the  surrounding  States  are  concentrated),  and  other  southern 
points,  is  considerably  above  the  average.  Another  factor  to  be  con- 
sidered is  that  the  fowl  from  this  area  is  of  medium  weight,  and,  with 
the  exception  of  the  period  immediately  preceding  the  Jewish  hoHdays, 
commands  a  premium. 

TOTAL  COST  OF  MARKETING  LIVE  POULTRY  FROM  REPRESENTATIVE  STATES 

The  total  cost  per  car  from  the  different  States  varies  greatly,  from 
nearly  $750  for  Ohio  to  nearly  $1,500  for  Texas.^^  (Table  8.)  It 
costs  about  $350  more  to  ship  a  carload  of  poultry  from  Nebraska 
than  from  Ohio;  almost  $400  more  to  ship  one  from  Missouri  than 
from  Ohio,  and  nearly  $500  more  to  ship  one  from  Kansas  than  from 
Ohio.  These  are  substantial  figures  and  indicate  the  advantage 
enjoyed  by  Ohio  by  virtue  of  its  greater  proximity  to  the  New  York 
market. 

10  The  cost  per  pound  from  Michigan  is  much  less  than  the  cost  per  pound  from  Texas,  but  the  cost  per 
car  from  Michigan  is  greater  than  cost  per  car  from  Texas,  owing  to  the  greater  net  weight  of  the  car. 
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Table  8. — Cost  of  shipping  live  -poultry  by  freight  to  New  York  City,  by  origin^ 
average  1923-24  and  1925-26 


Cost  per  pound  as  received  in  New  York  City 

Average 

net 
weight 
of  car- 
load 

Origin 

Trans- 
porta- 
tion 
costi 

Com- 
mis- 
sion 

Coops  2 

Cart- 
age 

Un- 
load- 
ing 2 

Total 

Total 

cost  per 

car 

Illinois 

Cents 
3.30 
2.48 
3.17 
4.93 
3.79 
5.64 
4.85 
4.24 
4.57 
2.25 
5.37 
2.80 
4.41 
3.54 
6.57 
3.18 
2.84 
3.82 

Cerds 
1.14 
1.26 
1.04 
1.21 
1.18 
.96 
1.14 
1.20 
1.09 
1.10 
1.18 
1.24 
1.02 
1.24 
1.20 
1.04 
1.09 
1.33 

Ceiils 
0.64 
.61 
.61 
.67 
.58 
.74 
.62 
.65 
.61 
.63 
.70 
.60 
.67 
.62 
.64 
.61 
.64 
.62 

Cents 
0.27 
.26 
.26 
.28 
.24 
.31 
.26 
.27 
.26 
.26 
.30 
.25 
.28 
.26 
.27 
.32 
.27 
.26 

Cents 
0.32 
.32 
.33 
.30 
.35 
.27 
.33 
.31 
.33 
.32 
.29 
.34 
.30 
.33 
.31 
.27 
.32 
.33 

Cents 
5.67 
4.93 
5.41 
7.39 
6.14 
7.92 
7.20 
6.67 
6.86 
4.56 
7.84 
5.23 
6.68 
5.99 
8.99 
5.42 
5.16 
6.36 

Pounds 
16,668 
16,380 
15, 951 
17,461 
15, 105 
19,428 
16,263 
16,956 
15,943 
16,  419 
18, 417 
15,652 
17, 417 
16, 149 
16,830 
19,590 
16,668 
16, 149 

Dollars 
945.08 

807.53 

Iowa 

862.95 

Kansas.    

1,  290. 37 

Massachusetts ..  

927.45 

Michigan  . 

1,  538.  70 

Minnesota 

1, 170.  94 

Missouri ..    .. 

1, 130.  97 

Nebraska- - 

1, 093.  69 

Ohio 

748.  71 

Oklahoma 

1, 443. 89 

Pennsylvania 

818.60 

South  Dakota 

1, 163. 46 

Tennessee 

967.33 

Texas.- 

1,  513.  02 

Wisconsin 

1, 061.  78 

Chicago,  ni-- 

860.07 

Chattanooga,  Tenn 

1, 027.  08 

Average.. 

3.88 

1.02 

.63 

.27 

.33 

6.13 

16,700 

1, 023.  71 

1  Transportation  cost  includes  freight,  carman,  feed,  demurrage,  stop-ofif,  and  reconsignment. 

2  Based  on  present  rates,  rates  were  changed  as  follows:  Unloading,  from  $33  to  $53  per  car;  coops,  from 
85  cents  to  $1  per  coop. 

When  these  marketing  costs  are  compared  with  the  value  of  the 
poultry,  taking  as  the  approximate  average  wholesale  value  $5,000 
per  car,  the  costs  from  shipping  point  to  slaughterhouse  are  shown 
to  amount,  on  the  average,  to  about  20  per  cent  of  the  gross  value; 
from  Ohio  they  amount  to  about  15  per  cent;  and  from  Texas  to 
about  30  per  cent. 

When  the  total  costs  per  car  were  computed  for  each  month  of  the 
year,  as  in  Table  9,  the  average  cost  per  car  was  more  than  $1,000 
during  the  first  seven  months  of  the  year  and  was  $1 ,000  or  less  for  the 
remaining  five  months.  This  may  be  accounted  for  by  the  predomi- 
nance of  southern  and  southwestern  shipments  for  the  first  few 
months  of  the  year,  for  which  the  transportation  costs  (freight, 
carman,  feed,  etc.)  are  high  because  of  the  long  distance  of  the  haul 
and,  in  some  instances,  because  of  the  relatively  higher  freight  rate 
which  prevails  from  certain  points  west  of  the  Mississippi  River. 
The  seasonal  changes  in  the  total  cost  per  pound,  as  well  as  the 
changes  for  transportation  costs,  may  be  seen  in  Figure  17. 
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Table  9. — Total  cost  of  marketing  a  carload  of  live  poultry  in  New  York  City,  by 
months,  1923-24  and  1925-26 


Month 


Total 
cost 


Distribution  of  total  cost 


Trans- 
porta- 


Com- 
mission 


Coops 


Cartage 


Unload- 
ing' 


net 
weight 

per 
carload 


January.. - 
February.. 

March 

April 

May 

June. 

July 

August 

September. 
October.. - 
November. 
December. 


Dollars 

1, 044.  77 

1, 156.  21 

1, 091.  56 

1, 077. 16 

1, 096.  75 

1,  063.  77 

1, 040.  98 

1, 009.  92 

977.  47 

979.84 

1, 003.  83 

926.20 


Per  cent 
63.44 
66.34 
63.00 
64.14 
64.20 
64.41 
64.97 
64.50 
62.86 
62.94 
64.33 
61.58 


Per  cent 
18.02 
16.63 
19.12 
17.56 
17.87 
16.64 
15.06 
15.00 
15.66 
15.61 
14.78 
17.90 


Per  cent 
9.70 
9.02 
9.43 
9.62 
9.01 
9.74 
10.56 
10.81 
11.24 
10.95 
10.69 
10.45 


Per  cent 
3.77 
3.43 
3.59 
3.76 
4.09 
4.23 
4.32 
4.44 
4.82 
5.09 
4.92 
4.35 


Per  cent 
5.07 
4.58 
4.86 
4.92 
4.83 
4.98 
5.09 
5.25 
5.42 
5.41 
5.28 
5.72 


Pounds 
17,300 
17,800 
17, 750 
17, 450 
16,600 
14,950 
14,850 
14,800 
15,750 
16, 850 
17,750 
16, 450 


Average... 1,023.71 


63.29 


16.64 


10.28 


4.41 


5.38 


16.700 


1  Transportation  cost  includes  freight,  carman,  feed,  demurrage,  stop-off,  and  reconsignment. 

2  The  figures  are  on  the  basis  of  $53  per  car. 

Nearly  two-thirds  of  the  total  costs  are  incurred  in  transporting 
poultry  from  shipping  point  to  the  terminal,  including  freight,  car 
rental,  carman,  feed,  and  the  various  incidental  expenses.  The  re- 
maining, almost  one-third,  is  paid  for  commission,  use  of  coops, 
cartage,  and  unloading.  (Table  9.)  The  transportation  costs,  as 
already  noted  (Table  8),  vary  widely  as  between  the  different  sections 
of  the  country.  The  remaining  costs  are  fairly  uniform  irrespective 
of  source  of  origin.     (Fig.  16.) 

RETURNS  TO  SHIPPERS 

The  net  financial  return  to  the  shipper  is  the  difference  between 
the  wholesale  price  and  the  marketing  cost.  Tables  10,  11,  and  12 
show  the  net  return  per  pound  to  shippers  for  colored  fowl,  chickens, 
and  broilers  according  to  point  of  origin  and  month  of  year. 

FOR  FOWL 

The  returns  to  shippers  for  colored  fowl"  follow  the  same  course 
from  month  to  month  as  do  the  wholesale  prices  for  this  class  in 
corresponding  months,  which  naturally  results  from  the  fact  that 
returns  to  shippers  are  the  wholesale  prices  minus  the  costs  of  market- 
ing. The  interesting  fact  to  be  observed  is  that  the  monthly  returns 
per  pound  to  shippers  of  fowl  are  the  greatest  in  winter  and  spring, 
when  supplies  of  this  class  of  poultry  are  the  greatest,  and  are 
lowest  during  the  summer  and  early  fall,  when  supplies  of  this  class 
reach  their  lowest  point.  The  net  returns  per  pound  to  shippers  in 
summer  for  this  class  of  poultry  are  still  further  decreased  because 
the  marketing  costs  are  greater  in  summer  than  in  winter. 


11  In  the  terminology  of  the  trade  colored  poultry  includes  all  of  the  general-purpose  meat  breeds;  Leghorn 
poultry  includes  all  of  the  Mediterranean  types. 
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Table  10. 


-Colored  fowl;  average  return  per  pound  to  shipper,  by  months,  May, 
1925,  to  April,  1926  (freight  shipments) 


Origin 

1925 

1926 

May 

June 

July 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

Jan. 

Feb. 

Mar. 

Apr. 

Cents 
23.8 
23.9 
21.1 
23.6 
22.8 

Cents 
22.3 
23.9 
21.9 
22.3 
23.5 

Cents 
20.3 
20.7 
20.5 
19.1 
21.7 

Cents 
20.8 
19.8 
19.0 
18.6 
23.5 
23.7 

Cent<i 
22.9 
20.6 
19.5 
21.1 
25.0 
28.7 

Cents 
21.0 
20.9 
17.6 
19.7 
23.9 
25.3 

Cents 
18.0 
19.4 
18.4 
19.3 
23.9 
23.3 
18.0 
21.9 
21.8 
21.5 
21.7 
20.1 
22.2 

Cents 
23.3 
22.0 
22.3 
22.0 
26.7 
20.8 

Centt 
25.4 
25.0 
24.4 
26.6 
26.9 
22.9 

Cents 

24.7 
25.0 
24.5 
26.0 
24.5 

Cents 
26.5 
28.0 
27.1 
27.6 
26.3 

Cents 
27  0 

Atlanta,  Ga 

28  8 

Arkansas  .    . 

28.3 

C  hattanooga,  Tenn  - .' 

Chicago,  111 

28.5 
26  8 

Connecticut  

Georgia 

23.6 
22.8 
23.8 
22.8 
21.8 
24.5 
22.7 
25.7 

23.0 
23.5 
24.2 
22.8 
23.3 
25.4 
23.4 

21.3 
23.5 
22.7 
21.0 
21.4 
23.7 
21.2 

Illinois 

23.4 
23.9 
22.7 
22.7 
22.1 
21.5 

24.0 
24.6 
24.4 
20.7 
22.1 
22.6 
24.0 
22.2 

22.0 
25.0 
23.7 
19.0 
20.2 
21.1 

26.8 
25.5 
24.6 
23.8 
25.0 
24.0 

27.0 
29.4 
27.4 
24.3 
27.4 
27.1 

26.9 
30.9 
26.7 
25.8 
26.2 
25.9 

28.5 
30.0 
28.5 
26.8 
28.1 
28.5 

28.5 

Indiana 

Iowa 

28.4 

28  6 

27  2 

Kentucky 

28  7 

Missouri 

28.1 

Maryland    .. . 

Massachusetts 

23.7 

20.6 
19.9 

20.1 
17.9 
24.5 
21.7 

25.2 
22.2 
23.2 
23.3 

27.8 

32.3 

Michigan 

22.5 

Minnesota 

19.0 
21.3 

19.2 
23.6 

27.2 
26.9 

Nebraska 

22.0 

22.1 

23.2 
24.2 
26.2 
22.2 
19.4 

20.9 

24.6 
26.4 
26.9 
26.2 
21.8 

25.8 

26.0 

New  York 

33  3 

Ohio 

23.4 
21.4 
23.5 
27.0 

25.1 
22.1 
24.5 
22.2 

24.0 
19.0 
22.8 

24.2 
20.4 
20.3 

24.2 
20.8 
17.5 
26.5 
20.6 
19.4 
18.0 

24.9 
20.5 
20.1 

24.8 
25.2 
28.4 

25.6 
24.9 
25.9 

26.6 
27.5 
28.2 

28  2 

Oklahoma  .  

27  7 

Pennsylvania 

28. 1 

Philadelphia,  Pa 

South  Dakota 

22.0 
20.4 
19.9 

16.5 
20.0 
24.2 
20.3 

22.9 
23.0 
26.9 

26.7 
25.5 
24.4 

25.8 
26.2 
24.4 

24.5 
28.9 
25.6 

Tennessee 

Texas    

24.3 
23.2 

23.4 
20.2 

19.4 
17.9 

19.9 
17.5 

29.1 
26  2 

Wisconsin 

Table  11. — Colored  chickens;  average  return  per  pound  to  shipper,  by  months.  May, 
1925,  to  April,  1926  {freight  shipments) 


Origin 

1925 

1926 

May 

June 

July 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

Jan. 

Feb. 

Mar. 

Apr. 

Alabama. 

Cents 
28.7 

Cents 
26.0 

Cents 
26.8 

Cents 

Cents 

Cents 

CenU 
18.0 

Cents 

CmU 

Cents 

Cents 

Cents 

Arkansas 

19.5 
23.4 
20.8 
23.0 
25.9 

24.1 
23.0 
23.4 
23.9 

Atlanta,  Ga 

35.9 
33.5 
39.5 

33.3 
29.1 
34.7 

19.7 
22.1 
26.3 

20.7 
21.5 
24.2 

19.6 
18.7 
20.3 
19.3 

21.1 
18.2 
22.4 

20.8 
22.0 
25.5 

24.0 
25.9 
25.7 

28.0 
25.9 
26.9 

23  4 

Chattanooga,  Tenn 

Chicago,  111 

25.9 
28.2 

Connecticut 

Georgia 

37.8 
30.1 
28.5 
35.4 
32.4 
36.3 

33.5 
34.2 
27.6 
34.4 
33.3 
35.4 

Illinois 

Indiana 

26.5 
27.8 
24.8 
25.4 
26.5 

23.8 
25.4 
22.3 
21.9 
24.2 
23.5 

23.2 
23.3 
22.6 
2L5 
2L5 
2L4 

20.6 
21.3 
21.3 
18.1 
18.3 
18.0 

20.0 
22.2 
18.9 
21.1 
21.0 
21.0 

24.2 
24.9 
23.2 
23.5 
27.1 
22.5 
20.2 
20.5 
23.5 
22.7 

25.3 
26.3 
24.9 
22.9 
23.4 

25.1 
28.3 
24.2 
26.7 
24.5 

28.0 
27.8 
25.4 
25.9 
25.9 
30.0 

28.8 
29  1 

Iowa 

26.7 

Kansas 

27  2 

Kentucky 

28.9 

Massachusetts 

Michigan. 

27.7 

Minnesota 

22.9 
25.1 
27.6 

22.0 
23.1 
22.8 

23.0 
18.7 
20.0 

24.3 
26.8 
24.6 

Missouri.- 

34.8 
39.4 

33.5 
33.1 

21.5 
21.9 

18.2 
18.9 

24.4 
2L9 
20.9 
23.6 
23.8 
29.8 

25.5 
23.2 

30  5 

Nebraska 

25  9 

New  York. 

Ohio. 

34.0 
33.7 
35.0 

34.5 
31.3 
34.1 
27.9 
32.9 
30.3 
24.9 

28.0 
22.2 
27.9 

26.1 
21.9 
24.5 

24.0 
20.9 
23.8 

2L1 
18.0 
19.5 
21.7 
18.1 
17.9 
19.1 

22.1 
20.3 
23.9 

22.9 
23.9 

25.7 

25.8 
24.0 
24.9 

27.0 
25.3 
28.6 

28  4 

Oklahoma. 

26  9 

Pennsylvania.. 

29  9 

Philadelphia,  Pa 

South  Dakota 

33.8 
32.9 
25.8 

24.0 
19.3 
19.7 

21.7 
21.5 
19.1 

20.4 
21.0 
21.8 

13.1 
18.7 
19.8 
17.3 

22.8 
24.3 
24.2 

21.4 
26.5 
2L8 

25.1 
26  2 

26.5 
5»fi  i. 

25  1 

Tennessee 

24.4 

Texas 

24.3     28.1 

29  4 

Wisconsin 
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Table  12. — Colored  broilers;  average  return  'per  pound  to  shipper,  by  months,  May, 
1925,  to  April,  1926  (freight  shipments) 


Origin 

1925 

1926 

May 

June 

July 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

Jan. 

Feb. 

Mar. 

Apr. 

Alabama       .    -.    . 

Cents 
34.0 
38.2 

Cents 

Cents 

Cents 

Cents 

Cents 

Cents 

Cents 

Cents 

Cents 

Cents 

Cents 

Arkansas . 

21.6 

21.6 

Atlanta,  Ga  ..      .  - 

23.2 



30.1 
27.2 

"26."9" 
25.4 

40.2 
31.7 
38.9 

44.9 
44.0 

42  2 

Chattanooga,  Tenn 

41.9 

41  5 

Chicago,  111-  -  --- 

Georgia 

44.3 
40.9 
37.0 
42.0 
40.2 

Illinois 

Iowa 

35.1 
34.7 
35.5 

27.9 
23.9 
25.4 

24.8 
21.9 
25.1 

23.7 
22.6 
21.6 

23.6 
20.4 
22.3 

24.8 
21.1 
23.0 

29.1 
28.1 
31.4 

26.9 
26.5 
33.6 

25.8 
33.2 
38.1 

38.3 
41.8 
43.2 

42.2 
40  8 

41  1 

Massachusetts  

Michigan 

18.9 
24.1 
25.4 

Missouri 

Nebraska 

New  York 

40.2 
39.4 

34.0 
33.6 

25.4 
23.8 

22.9 
22.9 

22.1 
21.4 
24.2 
21.9 
22.6 

22.0 
23.0 

30.4 
27.3 

28.2 
25.1 

35.7 
23.6 

42.6 
37.8 

42.6 
38.4 

Ohio- 

42.3 
41.8 

34.1 
35.0 

28.3 
25.5 

22.8 
23.5 

21.3 
22.0 

22.0 
22.2 

29.0 
30.9 

29.5 
31.3 

27.9 
39.9 
42.2 

42.7 
39.0 

41  7 

Oklahoma._   

38.5 

Pennsylvania 

37.7 

Philadelphia,  Pa 

40.5 
40.6 

Tennessee 

Texas-            

34.2 

24.7 

22.7 

21.8 

21.2 

21.9 

28.9 

28.0 

35.0 

42.9 

40.7 
36  4 

Kentucky 

41.7 

33.5 

27.7 

22.1 

21.2 

20.6 

21.3 

28.3 

28.9 

27.3 

42.0 

41.1 

FOR  CHICKENS 

The  returns  to  shippers  for  chickens  obviously  follow  the  same 
general  course  as  the  wholesale  prices  for  chickens.  The  relationship 
between  the  price  movement  and  volume  of  chickens  is  different  from 
the  relationship  in  the  case  of  colored  fowl.  As  the  volume  of  chickens 
decreases  during  the  winter  and  spring  months,  the  price  of  this  class 
rises,  and  the  reverse  holds  true  during  the  rest  of  the  year.  This 
same  cycle,  therefore,  holds  for  returns  to  shippers. 

The  seasonal  difference  in  marketing  costs  affects  chickens  as  it 
does  all  other  classes  of  poultry.  That  is  to  say,  the  marketing  costs 
are  greater  in  summer  than  at  other  seasons  of  the  year  and  this 
makes  the  returns  to  shippers  relatively  lower  during  this  season  than 
would  be  the  case  if  it  were  not  for  this  seasonal  increase  in  marketing 
costs. 

FOR  BROILERS 

Broiler  prices  in  relation  to  volume  of  receipts  have  been  mentioned. 
It  was  noted  that  during  the  first  four  months  of  the  year  the  average 
weekly  prices  of  broUers  increased  as  the  volume  slighly  increased  on 
the  New  York  City  market,  reaching  the  peak  price  in  April.  About 
the  latter  part  of  April  or  the  early  part  of  May,  when  the  volume  arriv- 
ing on  this  market  increases  rapidly,  a  corresponding  decline  in  price 
takes  place,  continuing  until  September,  when  it  reaches  the  lowest 
point  and  when  receipts  of  this  class  of  poultry  are  at  a  maximum. 

The  relation  between  wholesale  prices  and  returns  to  shippers  is  the 
same  for  broilers  as  for  chickens  and  fowl.  The  returns  are  consider- 
ably higher  during  March,  April,  and  a  part  of  May  than  during  Janu- 
ary and  February. 

This  would  indicate  that  it  takes  a  much  smaller  supply  of  broilers 
during  January  and  February  to  satisfy  the  demand  of  consumers  at 
prices  which  would  be  satisfactory  to  producers,  than  in  March, 
April,  and  May.     Even  with  the  small  suppUes  which  now  come  to 
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the  New  York  market  during  the  winter  months,  the  market  is 
relatively  oversuppUed  as  compared  with  the  early  spring  months,  as 
is  indicated  by  the  lower  prices  which  prevail  at  that  time.  It  there- 
fore appears  that  unless  the  demand  for  fresh  broilers  in  the  winter 
increases  materially,  poultrymen  will  make  greater  profits  by  mar- 
keting broilers  during  the  early  spring  months  than  during  the  winter. 
(Returns  to  shippers  for  Leghorn  poultry  are  found  in  Tables  18,  19, 
and  20.) 

PRICE-MAKING  MECHANISM 

Before  taking  up  the  analysis  of  the  factors  influencing  the  price 
of  five  poultry  on  the  New  York  market,  together  with  the  measure- 
ment of  the  relative  influence  of  each  of  these  factors,  a  brief  survey 
of  the  present  marketing  mechanism  for  arriving  at  the  price  of  five 
poultry  in  this  market  is  given. 

A  considerable  percentage  of  the  total  quantity  of  live  poultry  that 
enters  the  commercial  channels  of  the  country  is  consumed  in  New 
York  City.  For  this  reason  the  prices  which  prevail  on  the  New 
York  City  market  no  doubt  have  considerable  influence  upon  the 
level  of  prices  of  five  poultry  in  the  other  important  markets  of  the 
country.  An  important  indirect  relationship  probably  also  exists 
between  prices  of  Uve  and  of  dressed  poultry,  inasmuch  as  many  five- 
poultry  shippers  also  operate  dressing  plants.  Such  dealers  shift 
from  five  to  dressed  shipments  as  they  see  an  advantage  in  marketing 
their  product  in  one  form  or  the  other.  Thus,  it  is  fikely  that  the 
New  York  City  five-poultry  market,  to  a  marked  degree,  influences 
the  prices  of  poultry  for  aU  parts  of  the  country  tributary  to  this 
market. 

The  market  price  of  a  farm  commodity  is  ordinarily  regarded  as 
the  resultant  of  the  supply  of  and  demand  for  the  commodity  in 
question  at  a  given  time  and  place.  This  would  be  the  case  if  buyers 
and  seUers  were  aU  possessed  of  f uU  and  detailed  information  regarding 
the  supply  and  demand  situation  relative  to  that  commodity,  if  they 
aU  laiew  how  to  use  this  information,  and  finaUy  if  they  were  to 
refrain  from  entering  into  iUicit  agreements  with  one  another  and 
were  to  aUow  competitive  forces  to  freely  work  themselves  out.  It 
is  doubtful  if  any  of  these  conditions  are  fufiy  met  on  the  New  York 
City  five-poultry  market  at  present.  As  a  result,  a  method  of  arriving 
at  poultiy  prices  and  making  returns  to  shippers  is  in  vogue  which 
is  often  considerably  at  variance  with  the  foregoing  principle. 

The  method  of  arriving  at  wholesale  price  of  five  poultry  on  this 
market  is  briefly  as  f oUo ws : 

A  representative  of  a  private  price-reporting  agency  of  high  standing 
visits  West  Washington  Market  between  12  o'clock  noon  and  1  p.  m. 
each  day  of  the  week  except  Saturday  and  Sunday  for  the  purpose  of 
obtaining  from  the  members  of  the  trade  a  report  of  their  morning's 
transactions.  He  is  usuaUy  met  by  a  group  of  buyers  and  seUers 
who  surround  him,  and  the  more  aggressive  ones  immediately  try  to 
impress  him  with  their  ideas  of  what  the  price  for  the  different  classes 
of  poultry  should  be.  Sometimes  the  ardor  manifested  in  making 
their  point  takes  on  near-mob  proportions,  but  such  extreme  demon- 
strations are  not  frequent,  and  the  dickering,  although  usually  loud 
and  boisterous,  is  ordinarily  harmless.  Each  dealer  is  fikely  to  have 
some  personal  motive  for  the  position  he  takes  in  his  interpretation 
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of  the  market  or  for  the  price  he  reports  for  the  transaction  which  he 
may  claim  he  has  made.  Because  of  his  particular  commitments  he 
exerts  himself  to  have  the  price  of  a  given  class  of  poultry  quoted 
higher  or  lower  as  circumstances  may  suggest.  If,  for  example,  a 
buyer  has  made  heavy  purchases  during  the  early  part  of  the  week, 
which  he  does  not  expect  to  work  off  until  the  latter  part  of  the  week, 
when  most  of  the  poultry  is  consumed,  he  will  be  interested  in  main- 
taining prices  at  a  relatively  high  level.  He  will  try  to  influence  the 
reporter  to  quote  the  price  he  wishes,  and  to  support  his  argument  he 
w^ill  tell  the  reporter  that  he  has  purchased  the  poultry  from  a  certain 
receiver  (whom  he  will  name)  at  a  certain  definite  price.  The  reporter 
will  ask  this  receiver  for  a  confirmation  of  the  alleged  transaction, 
and  such  confirmation  is  almost  invariably  forthcoming.  The  facts 
of  the  case  usually  are  that  the  alleged  price  is  conditioned  on  what 
the  subsequent  quotation  will  be.  The  particular  transaction  in 
question  is,  therefore,  used  to  influence  a  price  which  ultimately  will 
itself  form  the  basis  of  settlement. 

The  reporter  then  proceeds  to  question  other  buyers  and  sellers 
who  gather  closely  about  him,  some  whispering  to  him,  and  others, 
less  accessible,  shouting  in  a  loud  voice.  He  passes  from  one  business 
place  to  another  of  the  various  receivers,  followed  by  some  of  the 
dealers,  and  is  met  by  new  ones  who  gather  about  him  until,  in  an 
hour  or  so,  he  has  made  the  rounds  of  the  market,  which  covers 
several  blocks.  In  the  course  of  his  movements  he  has  received  the 
reports  of  prices  paid  by  various  buyers  and  has  had  these  prices 
confirmed  by  the  corresponding  sellers,  but  frequently  they  are  inter- 
spersed by  denials  of  the  bystanders,  of  reported  sales  and  purchases. 
Insinuations  are  made  that  particular  sales  and  purchases  reported 
by  certain  dealers  are  fictitious  and  should  not  be  considered.  Upon 
this  medley  of  affirmations  and  denials  the  reporter  must  exercise 
his  best  judgment,  arrive  at  a  price  for  the  different  classes  of  poultry, 
and  issue  a  report.  This  is  no  easy  task,  and  it  may  be  said  with  all 
candor  that  it  is  being  done  remarkably  well  considering  the  difficul- 
ties of  the  situation.  The  reports  of  live-poultry  prices,  along  with 
those  of  many  other  dairy  and  poultry  products,  appear  later  in  the 
afternoon  in  The  Producer's  Daily  Price  Current,  and  the  prices 
published  there  constitute  the  basis  upon  which  returns  are  later 
made  to  the  shippers.  These  price  quotations  are  also  the  basis  upon 
which  settlement  is  made  between  buyer  and  receiver  in  New  York 
City. 

The  illustration  cited  above,  in  which  a  buyer  has  purchased  large 
supplies  early  in  the  week  and  therefore  attempts  to  maintain  the 
quotation  on  a  high  level  until  he  has  disposed  of  his  stocks,  is  par- 
alleled in  the  case  of  the  receiver  who  may  have  guaranteed  a  price  to 
the  western  shipper  and,  in  order  to  safeguard  himself,  attempts  with 
all  the  support  he  can  muster  to  maintain  the  price  until  his  commit- 
ments have  been  cleared.  The  result  of  such  action  is  to  maintain 
an  artificially  high  price  for  a  few  days  and  thus  stimulate  an  abnor- 
mally large  flow  of  poultry  to  the  market.  This  may  be  followed  by 
a  drastic  drop  in  price,  bringing  heavy  losses  to  the  shipper  who 
may  have  started  one  or  more  cars  on  the  way.  An  illustration  of 
this  occurred  during  the  month  of  March,  1926,  in  which  such  a 
situation  developed  and  produced  a  drop  in  price  of  4  cents  per 
pound  the  following  week. 
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At  other  times  the  predominant  interests  of  the  trade  may  be  in 
the  direction  of  an  artificially  low  market  which,  as  a  matter  of  fact, 
would  normally  be  the  case  following  the  type  of  situation  mentioned 
above,  in  order  that  the  accumulation  of  surplus  stocks  might  be 
worked  off. 

Again  it  may  happen  that  no  sales  or  purchases  are  reported,  which 
is  almost  invariably  the  case  on  Mondays.  The  market  is  said  to 
be  "left  open" — that  is  to  say,  no  quotation  is  issued.  It  frequently 
occurs  that  the  market  is  "left  open"  on  Tuesday  as  well,  and  occa- 
sionally on  Wednesday  and  even  Thursday.  Thus  a  situation  devel- 
ops in  which  buyers  take  their  supplies  on  Monday  (the  quantity 
varies  from  30  to  70  carloads)  and  sell  them  at  a  definite  price  without 
knowing  the  price  they  must  pay  for  them.  The  situation  may  be 
still  further  aggravated  by  the  buyers  taking  additional  supplies 
on  Tuesdays,  and  on  Wednesdays,  and  occasionally  even  on  Thurs- 
days, before  the  price  has  been  determined.  These  accumulated 
supplies  of  two  or  three  days  have  been  delivered  to  the  slaughter- 
house plants,  a  large  part  of  them  sold  to  the  retailers,  and  a  consid- 
erable quantity  of  them  consumed  before  the  wholesale  buyer  knows 
how  much  he  must  pay.  It  is  easy  therefore  to  see  how,  under  such 
conditions,  dealers  are  tempted  to  use  every  known  device  to  safe- 
guard themselves. 

It  should  perhaps  be  reemphasized  that  usually  the  prices  reported 
to  the  price-reporting  agency  by  the  dealers  (when  its  representative 
visits  the  market  during  the  noon  hour)  are  "conditional  prices." 
Although  the  reporter  accepts  reports  given  him  by  the  dealers  as 
sales  and  purchases  consummated  at  definite  prices,  as  a  matter  of 
fact  all  sales  and  purchases  of  any  consequence  are  conditional  trans- 
actions; that  is  to  say  they  are,  in  reality,  all  made  with  reference  to 
the  quotation,  which,  in  its  turn,  was  based  upon  these  tentative 
transactions. 

At  best,  the  transactions  reported  to  the  price  reporter  represent 
the  judgment  of  the  dealers  as  to  what  prices  should  be,  but  rarely 
do  they  represent  actual  consummated  transactions  at  a  definite 
price.  At  worst  these  reported  sales  and  purchases  may  conceal 
the  true  situation,  causing  prices  to  be  considerably  at  variance  with 
what  they  would  be  if  supply  and  demand  conditions  were  the  sole 
controlling  factors. 

Under  this  arrangement  it  does  not  matter  so  much  to  the  dealers 
in  the  New  York  City  trade  whether  prices  are  out  of  line  with  what 
fundamental  economic  factors  seem  to  warrant.  The  chief  concern 
of  the  dealers  is  to  make  sure  that  all  shall  operate  on  the  same  basis 
and  that  none  shall  have  an  advantage  so  far  as  the  basic  price  is 
concerned. 

This  situation  is  very  disconcerting  to  the  shipper,  who  frequently 
buys  poultry  from  the  farmers  for  several  days  without  actual  whole- 
sale prices  having  been  established  on  the  New  York  City  market 
to  guide  him  in  his  purchases  in  the  country.  The  natural  effect  of 
these  circumstances  is  to  cause  him  at  times  to  take  wider  margins 
than  would  otherwise  be  necessary;  thus  the  harmful  influence  of  the 
system  extends  back  to  the  farmers.  Where  competitive  conditions 
make  it  impossible  for  the  shipper  to  recoup  himself  in  this  manner, 
he  suffers  serious  and  often  ruinous  losses. 
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To  give  some  degree  of  flexibility  to  a  system  in  which  only  one 
price  (instead  of  a  price  range)  is  quoted  for  a  given  class  of  poultry 
regardless  of  weight,  quality,  or  other  pertinent  factors,  adjustments 
are  made  by  paying  premiums  or  discounts  based  upon  this  quoted 
price,  so  that  when  purchases  are  made  at  the  terminals  in  the  morn- 
ing, the  terms  of  settlement  are  always  either  ''at  the  quotation,"  or 
a  certain  number  of  cents  ''below"  or  "above  the  quotation."  Thus 
"premiums"  (payments  in  excess  of  the  quoted  prices)  are  paid  for 
superior  stock  and  "discounts"  for  inferior  stock. 

Receivers  complain  that  buyers  who  may  agree  to  pay  a  definite 
price  for  their  stocks  when  they  secure  their  goods  at  the  terminal 
in  the  morning,  fail  to  do  so  in  case  the  quotation  which  appears 
later  does  not  coincide  with  the  price  agreed  upon.  If  the  quotation 
should  be  lower,  the  buyer,  according  to  the  testimony  of  the  receiver, 
insists  upon  the  benefit  of  the  lower  price,  and  when  he  makes  remit- 
tance will  transmit  a  check  only  for  such  amount  as  corresponds  to 
the  quoted  price.  On  the  other  hand,  if  the  quotation  should  be 
higher,  the  buyer  will  insist  upon  the  original  agreement.  In  so  far 
as  this  situation  exists,  it  appears  to  be  a  result  of  the  peculiar  credit 
relationship  between  receiver  and  buyer  and  of  the  fear  of  the  former 
that  he  will  not  only  lose  the  immediate  sale  if  he  does  not  yield  to 
the  buyer's  demand  but  that  he  may  also  lose  the  amount  which  may 
be  due  him  from  previous  transactions. 

The  shipper,  too,  is  greatly  interested  in  the  quotation,  as  he 
expects  to  receive  his  returns  on  the  basis  of  it.  Thus  the  receiver 
is  not  able  to  recoup  himself  for  the  losses  incurred  in  his  dealings 
with  the  buyers  by  maldng  correspondingly  lower  returns  to  the 
shippers.  This  situation,  according  to  the  testimony  of  a  large 
number  of  receivers,  makes  serious  inroads  upon  their  commissions 
and  at  times  puts  them  out  of  business  entirely.  The  credit  relation- 
ship noted  above  between  receiver  and  buyer  exists  also  between 
receiver  and  shipper  and  contributes  to  the  complication. 

One  of  the  greatest  disadvantages  of  this  method  of  trading  is 
that  it  restricts  the  scope  for  the  exercise  of  individual  business 
judgment  and  initiative  on  the  part  of  the  strong  men  engaged  in 
the  business.  So  long  as  prices  are  established  in  this  way,  the 
dealers,  weak  and  strong  alike,  are  all  on  approximately  the  same 
plane.  The  men  of  the  trade  speak  of  the  intense  competition  which 
exists  in  this  industry,  but  as  a  matter  of  fact,  the  term  "compe- 
tition" does  not  correctly  describe  the  situation.  It  has  been  more 
aptly  described  ae  "price  paralysis."  The  usual  concept  of  compe- 
tition presupposes  a  number  of  traders  buying  and  selling  inde- 
pendently on  the  basis  of  their  respective  judgments  and  actually 
consummating  their  sales  and  purchases  upon  this  basis. 

In  the  live-poultry  industry,  however,  a  third  party  intervenes  to 
crystallize  the  opinions  of  the  dealers  as  to  what  prices  should  be, 
and  not  until  this  third  party  interprets  these  opinions  in  the  form  of 
a  quotation  are  the  transactions  actually  consummated.  Although 
the  price  arrived  at  in  this  way  may,  in  general,  on  the  average,  and 
in  the  long  run,  not  vary  much  from  what  it  would  be  were  the  goods 
sold  on  the  basis  of  independent  bids  and  offers,  there  is  a  chance  that 
the  current  basic  price,  in  terms  of  which  the  transactions  are  ulti- 
mately completed,  may  be  considerably  out  of  line  with  what  it 
would  be  if  real  open-market  trading  prevailed.     There  is  no  doubt 
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that  such  a  condition  occurs  with  more  or  less  frequency,  and  the 
possibihty  of  it  at  all  times  is  inherent  in  the  system. 

Another  defect  relates  to  the  failure  to  pay  a  price  corresponding 
to  the  quality  of  the  product.  It  is  recognized  as  a  sound  marketing 
principle  that  high-class  goods  should  exchange  for  correspondingly 
high  prices  and  vice  versa.  Although  some  recognition  is  given  to 
quality  by  the  system  of  ''premiums"  over  the  quotation,  the  plan  is 
cumbersome  and  not  sufficiently  flexible.  Each  lot  of  goods  should 
be  sold  on  its  merits,  and  both  farmers  and  consumers  would  share  in 
the  advantages  which  would  accrue  if  such  a  method  of  carrying  on 
the  business  were  adopted. 

Another  type  of  complaint  which  comes  largely  from  shippers  and 
buyers  arises  out  of  the  alleged  practice  of  requiring  the  buj^er  to  pur- 
chase a  class  and  a  quantity  of  poultry  which  he  frequently  does  not 
want  in  order  to  secure  the  kind  and  quantity  of  the  class  he  needs. 
For  example,  a  receiver  may  require  a  Buyer  to  take  a  certain  number 
of  coops  of  heavy  fowl,  for  which  the  demand  may  at  the  time  be 
sluggish,  as  a  condition  for  supplying  him  with  medium-weight  fowl 
if  the  demand  for  the  latter  is  strong.  This  is  a  normal  situation 
during  much  of  the  year,  vrith.  the  exception  of  the  periods  of  two  or 
three  weeks  immediately  preceding  important  Jewish  holidays. 

Again,  the  situation  may  involve  broilers.  A  special  low  price  may 
be  made  on  a  relatively  small  quantity  of  broilers  in  order  to  move  a 
much  larger  quantity  of  fowl  at  a  higher  price  than  supply  and  demand 
conditions  for  fowl  might  warrant.  Inasmuch  as  broilers  and  fowls, 
or  light  and  heavy  fowl,  as  the  case  may  be,  may  come  from  entirely 
different  shippers,  this  practice  tends  to  benefit  one  at  the  expense  of 
another.  The  slaughterhouse  man  also  complains  that  under  such 
circumstances  he  is  often  obliged  to  seU  a  considerable  portion  of  his 
supplies  at  a  loss. 

According  to  advices  from  slaughterhouse  men,  medium-weight 
fowl  normally  command  a  materially  higher  price  than  heavy  fowl 
until  a  few  weeks  before  the  Jewish  holidays,  when  the  housewife 
begins  to  accumulate  shortening  for  holiday  baking.  A  single  price 
for  fowl  regardless  of  weight  or  quality,  therefore,  does  not  attract  the 
desired  type  of  fowl  in  sufficient  quantity,  and  it  does  not  discourage 
the  shipment  of  the  heavy  fowl  that  are  not  wanted.  If  wholesale 
prices  of  fowl  were  made  so  as  to  truly  reflect  consumer  preferences,  it 
would  tend  to  reduce  the  shipment  of  heavy  fowl  during  those  parts 
of  the  year  when  the  demand  for  poultry  of  this  type  is  light.  This 
would  have  the  double  effect  of  saving  the  feed  which  contributed  to 
producing  the  superfluous  weight  ^^  and  of  maintaining  the  wholesale 
level  of  fowl  prices  on  a  higher  plane  without  an  additional  burden 
upon  the  consumer. 

PRICE  AND   SUPPLY   MOVEMENTS  OF  PRINCIPAL  CLASSES    OF 

POULTRY 

The  receipts  of  fowl,  chickens,  and  broilers  combined,  constitute 
the  bulk  of  the  supply  of  live  poultry  on  this  market  at  all  seasons  of 
the  year.     Subsequent  price  analyses  will,  therefore,  center  about 

12  Heavy  fowl  come  chiefly  from  Corn  Belt  States,  where  hens  cease  laying  in  early  fall  and  thus  produce 
no  return.  To  insure  maximum  profits  to  the  farmer  these  hens  should  be  placed  on  the  market  soon  after 
they  stop  laying. 
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these  three  classes.  The  characteristic  price  and  supply  movements 
of  each  of  these  classes  are  first  considered,  and  later  a  more  detailed 
analysis  of  prices  is  made,  in  which  the  various  factors  influencing  the 
price  are  determined  and  the  relative  importance  of  each  is  measured. 

COLORED  FOWL 

The  monthly  movement  of  prices  of  colored  fowl  (freight  ship- 
ments) from  1920  to  1926,  inclusive  (Urner-Barry  quotations),  is 
presented  in  Figure  18.  The  seasonal  changes  for  each  of  the  years 
show  a  marked  similarity.  This  fact  makes  it  possible  to  generalize 
on  the  seasonal  movement  of  the  prices  of  live  poultry  and  to  repre- 
sent the  generalization  graphically.  (Fig.  19.)  Here  are  shown  the 
average  prices  for  each  month  for  the  years  1920  to  1926,  inclusive, 
and  the  peaks  in  March,  September,  and  December  are  clearly  por- 
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Figure  18.— Monthly  Price  Quotations  of  Colored  Fowl  in  New  York 

City 

There  is  a  pronounced  seasonal  variation  in  monthly  fowl  prices. 

trayed.  The  high  prices  during  these  months  are  caused  by  the 
Jewish-holiday  demand,  supplemented  by  gentile  consumption. 

Although  average  monthly  prices  may  show  the  general  course  of 
prices  throughout  the  year,  greater  detail  is  needed  as  a  practical 
guide  to  the  men  in  the  industry.  The  relationship  between  weekly 
volume  and  price  of  colored  fowl,  chickens,  and  broilers  is  shown 
graphically  in  Figures  20,  21,  and  22.  The  normal  seasonal  move- 
ments of  prices  of  colored  fowl  (fig.  20)  during  both  years  is  seen  to 
be  upward  from  January  through  March  with  a  sharp  rise  in  the 
latter  month,  and  downward  during  the  remainder  of  the  year, 
with  sharp  upturns  in  September  and  December. 

The  volume  of  receipts  of  colored  fowl  increases  during  the  months 
in  which  prices  of  fowl  increase  and  decreases  during  the  months  in 
which  prices  of  fowl  decrease.  On  the  other  hand,  as  the  total 
supplies  of  all  classes  of  poultry  increase,  the  price  of  fowl  decreases. 
The  week-to-week  movement  of  both  price  and  receipts  of  colored 
fowl  presents,  when  plotted  a  saw-tooth  eft'ect  with  an  apparent 
tendency  for  the  volume  of  weekly  purchases  to  move  in  the  opposite 
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direction  from  average  weekly  prices.     This  tendency  does  not  hold 
in  every  case,  however,  during  the  principal  Jewdsh  hoHdays. 
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Normal  seasonal  variation  in  the  price  of  colored  fowl,  as  determined  for  the  period  of  1920-1926, 
inclusive.  Fowl  prices  usually  rise  from  January  to  March,  and  then  steadily  decrease  to  Novem- 
ber, but  the  decline  is  interrupted  in  September  because  of  the  Jewish  festivities  in  the  fall. 

The  similarity  of  movement  of  prices  in  relation  to  receipts  during 
the  two  years  is  striking,  and  probably  justifies  both  the  conclusion 
that  these  movements  of  price  and  volume  are  characteristic  of  this 
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Figure  20.— Weekly  Prices  and  Volume  of  Colored  Fowl  by  Freight 

Shipments 

In  a  general  way  fowl  volume  and  prices  move  in  the  same  direction. 

class  of  poultry  and  the  belief  that  it  shows  the  general  movements  in 
other  years. 

COLORED  CfflCKENS 

The  class  of  poultry  called  colored  chickens  diminishes  in  volume 
from  January  to  May,  then  increases  until  October,  and  remains 
about    constant    during    November    and    December.     The    general 


1 

— 1 

1 

\  1 

\ 
-\- 

V 

r 

1 
1 

^ 

V 

.-V 

■¥: 

\^ 

/fv 

^v^ 

1 

iiiiiii 

\\ 

: 

J 

\ 

J 

JM 

J 

36         TECHNICAL  BULLETIN  107j  U.  S.  DEPT.  OF  AGRICULTURE 

change  in  the  price  of  chickens  during  the  year  is  in  the  opposite 
direction  from  the  change  in  volume  of  this  class  of  poultry.     (Fig. 
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Figure  21.— Weekly  Prices  and  Volume  of  Colored  Chickens  by  Freight 

Shipments 

During  the  first  five  months  of  the  year,  as  the  volume  steadily  decreases,  prices  steadily  increase. 
In  May  there  is  a  sharp  rise  in  prices.    During  the  remainder  of  the  year  the  reverse  holds  true. 

21.)     The  relationship  is  thus  seen  to  be  the  reverse  of  that  noted 
in  the  case  of  colored  fowl.     The  tendencies  observed  in  the  relation 
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Figure  22.-Weekly  Prices  and  Volume  of  Colored  Broilers  by  Freight 

Shipments 

From  November  to  April  the  volume  is  small  and  practically  constant.  During  the  early  part 
of  this  period  prices  steadily  rise,  and  after  February  show  a  sharp  increase.  Prices  begin  to  drop  soon 
after  volume  shows  signs  of  increase.  A  lag  of  about  seven  weeks  should  be  noted  between  the  high- 
est point  in  volume  and  the  lowest  point  in  price. 

of  volume  and  price  of  chickens  is  practically  identical  for  the  two 
years  given,  which  indicates  that  the  survey  years  are  probably  fairly 
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representative  of  price  and  volume  movements  of  this  class  of  poultry 
from  year  to  year. 

COLORED  BROILERS 

The  movements  of  broiler  prices  in  relation  to  receipts  of  this  class 
of  poultry  are  similar  to  those  of  colored  chickens.  (Fig.  22.)  That 
is  to  say,  during  the  seasons  in  which  receipts  of  broilers  are  large, 
prices  are  low,  and  when  receipts  are  small,  prices  are  high.  In  this 
respect  broilers  and  chickens  are  alike  and  each  differs  from  colored 
fowl. 

Certain  biological  factors  relating  to  these  three  classes  of  poultry 
should  be  noted  in  passing.  Broilers  constitute  the  youngest  birds, 
chickens  represent  the  next  stage,  and  fowl  tRe  mature  bird.  These 
classes  merge  one  into  the  other  as  the  season  advances.  Therefore 
broilers  are  found  increasing  in  volume  from  April  through  August; 
then  the  numbers  suddenly  dechne  because  the  birds  have  become 
too  heavy  to  be  classed  as  broilers  and  have  become  chickens.  From 
September  through  the  end  of  the  year  and  the  early  months  of  the 
new  year  chickens  arrive  in  large  volume,  to  dechne  rapidly  in  num- 
bers in  late  winter  and  early  spring,  since,  by  that  time,  most  of  them 
have  developed  into  mature  classes  of  poultry.  The  period  of  greatest 
relative  receipts  of  fowl  is  from  January  to  June  (at  one  period 
upward  of  90  per  cent  of  the  total  supply  is  of  this  class)  althoilgh 
shipments  of  this  class  of  poultry  respond  to  the  high  prices  in  antici- 
pation of  the  Jewish  holidays  in  September.  Unlike  the  other  two 
classes  of  poultry  involved  in  this  comparison,  a  large  potential 
supply  of  fowl  exists  in  the  country  throughout  the  entire  year, 
which  may  always  be  attracted  to  the  market  if  prices  become 
sufficiently  favorable. 

PRICE  ANALYSIS 

PRELIMINARY  CONSIDERATIONS 

In  this  discussion  of  the  factors  which  influence  wholesale  prices 
of  hve  poultry  on  the  New  York  market,  together  with  the  measure- 
ment of  their  relative  importance,  only  the  results  of  the  study  will 
be  presented.  For  the  convenience  of  the  readers  who  are  actively 
engaged  in  the  commercial  aspects  of  the  industry  and,  therefore,  are 
interested  solely  in  the  findings  of  the  study  and  not  in  the  technical 
procedure  involved  in  arriving  at  the  results,  the  technic  employed 
in  securing  these  results  will  be  omitted.  Before  entering  upon  the 
more  detailed  analysis,  a  few  fundamental  terms  and  assumptions 
should  be  made  clear. 

SUPPLY 

The  supply  factor  as  a  price  determinant  on  this  market  should 
be  understood  to  mean  the  ''expected  receipts  for  the  week.'^  This 
term  includes  the  cars  of  poultry  on  the  tracks  at  the  terminal  left 
over  from  the  previous  week,  plus  the  expected  new  arrivals  for  the 
current  week.  A  report  of  the  expected  receipts  for  the  week  is 
made  each  Tuesday  morning  and  exerts  a  marked  influence  on  the 
weekly  level  of  prices.  It  should  be  pointed  out  that  a  very  definite 
bias  exists  in  this  weekly  report.  Of  the  85  weeks  in  the  period 
under  consideration  (November  1,  1923,  to  October  31,  1924,  and 
May  1,  1925,  to  April  30,  1926),  the  expected  receipts  were  below 
actual  arrivals  plus  cars  on  track  74  weeks,  above  9  weeks,  and  in  2 
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weeks  equal  to  the  actual  arrivals  plus  carry-over,  or  actual  supply. 
The  average  difference  between  the  expected  receipts  and  the  actual 
supply  was  about  27  carloads  per  week  below  the  actual  supply.^** 
However,  in  spite  of  the  tendency  for  the  forecast  for  the  week  to 
underestimate  actual  supply,  it  exercises  a  greater  influence  on  the 
price  than  does  the  actual  supply  during  the  week. 

The  total  supply  of  live  poultry  in  the  country  tributary  to  this 
market  doubtless  has  an  influence  upon  the  prices  of  live  poultry. 
This  is  evidenced  by  the  extent  to  which  the  general  level  of  dressed- 
poultry  prices  from  year  to  year  tends  to  vary  with  live-poultry 
prices.  This  indicates  that  both  prices  are  responsive  to  changes  in 
the  general  supply  of  pT)ultry  throughout  the  country.  It  would  be 
of  considerable  value  to  the  industry  if  it  were  more  definitely  known 
what  changes  were  taking  place  in  the  total  supply  and  the  production 
from  period  to  period.  If  these  data  were  available  it  would  then  be 
possible  to  determine  more  accurately  just  how  far  the  New  York 
live-poultry  price  reflected  the  general  supply  situation.  A  study  of 
the  long-time  relationship  between  country-wide  supply  and  whole- 
sale prices  on  the  New  York  market  will  therefore  have  to  be  post- 
poned until  adequate  basic  statistics  on  poultry  production  are 
available. 

♦  CHANGES    IN    DEMAND 

The  term  ''changes  in  demand"  will  be  understood  to  mean  either 
changes  in  the  quantity  bought  from  day  to  day  at  the  same  price 
or  the  same  quantity  purchased  at  a  higher  price.  The  level  of 
price  is  largely  determined  from  the  expected  receipts  for  the  week. 

Of  the  quantity  bought  from  day  to  day  at  the  terminals,  or  at 
West  Washington  Market  by  slaughterhouse  buyers,  not  all  goes  into 
immediate  consumption.  The  tendency  is  for  slaughterhouse  men 
to  purchase  more  during  the  early  days  of  the  week  than  is  needed 
for  their  immediate  trade  and  thus  accumulate  their  supplies  to  take 
care  of  the  large  week-end  demand  of  the  ultimate  consumer.  These 
stocks  which  accumulate  on  the  floors  of  the  slaughterhouses  are  an 
unknown  quantity,  at  present,  to  the  general  trade.  It  would  be 
very  desirable  if  this  information  were  available,  as  stocks  held  on 
dealers'  floors  doubtless  have  some  bearing  on  wholesale  prices  of 
colored  fowl,  since  the  portion  of  the  floor  stocks  carried  over  con- 
stitutes part  of  the  next  week's  supply.  It  is  expected  that  this 
information  will  shortly  become  available  in  market  news  reports 
of  the  Bureau  of  Agricultural  Economics. 

MEASUREMENT  OF  FACTORS  THAT  INFLUENCE  PRICE 

GENERAL    ASPECTS 

In  analyzing  the  price  movements  in  the  live-poultry  industry  in 
New  York  City  it  was  necessary  to  consider  the  time  unit  in  terms  of 
which  the  trade  is  accustomed  to  think  in  arriving  at  a  price.  Almost 
ah  the  hve-poultry  buyers  in  New  York  City  go  to  the  market  with 
the  thought  of  supplying  their  trade  not  only  for  a  given  day  but  for 
the  entire  week.  With  this  in  mind  they  bid  for  live  poultry.  Al- 
though a  forecast  of  the  expected  weekly  receipts  is  made  on  Tuesday, 

13  The  diflference  between  actual  supply  and  expected  receipts,  as  reported  by  the  Bureau  of  Agricultural 
Economics  since  February,  1927,  is  considerably  less. 
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the  heavier  trading  is  done  on  Wednesday  and  Thursday;  but  often 
a  large  volume  is  sold  on  Tuesday  and  occasionally  on  Friday.  Figure 
23  indicates  the  daily  changes  in  purchases  by  slaughterhouse  men 
during  the  week.^^  Wholesale  receivers,  it  will  be  observed,  have 
a  greater  opportunity  of  selling  Hve  poultry  on  Wednesday  and 
Thursday  than  during  the  other  days  of  the  week.  However,  there 
are  times  when  live-poultry  receivers  obtain  a  greater  price  either  on 
Tuesday  or  on  Friday  than  on  Wednesday  or  Thursday,  depending 
upon  which  days  the  Jewish  holidays,  and  to  a  lesser  extent  the 
gentile  hohdays,  fall.  During  the  important  Jewish  holidays  the 
demand  is  such  that  a  supply  from  25  to  50  per  cent  greater  than 
usual  will  be  taken  without  lowering  the  price  and  occasionally  at  a 
price  higher  than  the  prevailing  one.  In  view  of  the  fact  that  the 
volume  sold  on  Wednesday  and  Thursday  in  most  cases  is  much 
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Figure  23.— Daily  Variation  in  the  Wholesale  Sales  of  Live  Poultry 

IN  New  York  City 

Daily  sales  are  expressed  as  percentages  of  the  average  for  the  week.    Wholesale  sales  of  live 
poultry  are  greatest  on  Wednesday. 

greater  than  that  sold  on  any  other  days  during  the  week,  it  was  felt 
that  the  average  price  paid  on  Wednesday  and  Thursday  for  live 
colored  fowl  is  more  representative  of  the  prices  prevailing  during 
the  week  than  is  the  simple  average  of  prices  on  all  five  trading  days 
of  the  week.  Figure  24  shows  the  relation  of  the  average  weekly 
price  of  colored  fowl  to  the  Wednesday  and  Thursday  prices.  In 
practically  every  case  the  price  on  Wednesday  and  Thursday  was 
nearly  the  same  as  the  simple  average  for  the  week.  Hereafter, 
therefore,  in  this  bulletin,  when  the  average  weekly  price  is  referred 
to,  it  will  be  understood  to  mean  the  average  Wednesday  and  Thurs- 
day price. 

One  of  the  points  which  would  ordinarily  be  considered  would  be 
the  influence  or  effect  the  prices  of  goods  in  general  have  upon  the 
price  of  colored  fowl,  for  in  many  instances  the  increases  in  the  price 
of  a  given  commodity  might  be  entirely  attributable  to  the  fact  that 


»  This  index  was  found  by  adding  the  volume  sold  by  days  and  striking  an  average  daily  sale  during  the 
week  and  then  finding  the  ratio  of  the  quantity  sold  each  day  to  the  average. 


40    TECHNICAL  BULLETIN  107,  U.  S.  DEPT.  OF  AGRICULTURE 

the  general  price  level  is  increasing.  In  this  study,  however,  it  was 
difficult  to  determine  the  effects  of  prices  of  other  commodities  on 
fowl  prices  because  the  period  studied  was  too  short  and  broken. 
Therefore  no  attempt  was  made  to  determine  if  poultry  prices  were 
influenced  by  changes  in  the  general  price  level. 

Colored-fowl  prices  were  used  as  a  basis  in  the  price  analysis,  as 
this  class  of  poultry  constitutes  the  largest  proportion  of  the  total 
supply  during  the  entire  year.  Leghorn-fowl  prices  tend  to  move 
in  the  same  direction  as  colored-fowl  prices.  The  price  spread,  how- 
ever, between  these  two  classes  becomes  greater  during  the  fall  and 
early  winter  months.  This  is  primarily  due  to  the  fact  that  Leghorn 
fowl  are  shipped  in  greater  quantities  then  than  at  other  times  of 
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Figure  24.— Average  Wednesday  and  Thursday  Prices  of  Colored  Fowl 
AND  Simple  Average  Weekly  Prices  in  New  York  City 

Average  Wednesday  and  Thursday  price  follows  the  same  course  as  the  simple  average  price  for 
the  week. 


the  year;  but  there  was  no  evidence  that  at  any  time  the  price  of 
Leghorn  fowl  affected  the  price  of  colored  fowl. 

The  changes  in  percentage  of  supply  of  Leghorn  fowl  on  the  New 
York  market  throughout  the  year  show  the  same  general  course  as 
those  of  chickens,  which  are  just  the  reverse  of  those  of  colored  fowl. 

Figure  25  shows  the  relation  between  the  expected  receipts  of  live 
poultry  for  the  week  and  the  price  of  colored  fowl.  In  almost  every 
case  the  price  moves  in  opposite  direction  from  the  expected  receipts 
for  the  week.  The  numbers  on  the  chart  indicate  the  weeks  in  which 
the  Jewish  holidays  fall.  In  these  weeks  the  supply  and  price  tend 
to  move  in  the  same  direction,  and  if  in  any  case  the  price  shows  a 
movement  opposite  to  that  of  supply,  it  is  because  the  shippers  and 
receivers  overgauge  the  market.  That  is  to  say,  even  after  allowing 
for  the  increased  demand  associated  with  the  Jewish  holidays,  receipts 
are  sometimes  so  much  larger  than  requirements  for  the  Jewish  holi- 
day that  they  depress  prices.  The  influence  that  each  of  the  import- 
ant Jewish  holidays  exerts  on  the  supply  of  the  live  poultry  purchased 
at  a  given  price  will  be  explained  in  another  section  of  this  bulletin. 

The  factors  which  were  finally  used  in  the  price  study  are  as  fol- 
lows: Expected  weekly  receipts  (including  carry-over  from  the  pre- 
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ceding    week);    price    the    previous    week;    maximum    temperature 
(weekly  average);  kosher- veal  prices;  and  colored-fowl  prices. 

RESULTS  FOUND  BY^STATISTICAL  ANALYSIS 

The  statistical  analysis  of  the  average  weekly  price  (that  is,  the 
average  for  Wednesday  and  Thursday)  of  colored  fowl  covers  the 
periods  from  November  1,  1923,  to  October  31,  1924,  and  May  1, 
1925,  to  April  30,  1926.  The  analysis  reveals  that  the  following 
factors  exert  the  greatest  influence  upon  average  weekly  changes  of 
fowl  prices  and  account  for  80  per  cent  of  such  changes : 

1.  Expected  receipts  for  the  week  (including  previous  week's 
carry-over)  which  dealers  use  to  judge  as  to  the  probable  number  of 
cars  of  hve  poultry  which  will  be  available  during  the  week. 


Figure  25.— Expected  Weekly  Receipts  of  Live  Poultry  in  New  York 
City  and  Colored-Fowl  Prices 

In  most  cases  an  increase  in  expected  receipts  for  the  week  tends  to  depress  fowl  prices.   Even  dur- 
ing the  Jewish  holidays  an  unusual  increase  in  expected  weekly  receipts  sometimes  depress  prices. 

2.  The  maximum  temperature  during  the  week. 

3.  Kosher-veal  prices  (veal  is  one  of  the  important  substitutes  for 
live  poultry). 

4.  Previous  week's  prices  of  colored  fowl. 

The  prices  of  chickens,  broilers,  and  alternative  products  other 
than  veal,  such  as  kosher  beef  and  lamb,  and  the  consumer's  purchas- 
ing power  in  New  York  City  as  measured  by  the  total  pay  roll  (includ- 
ing the  garment  industry),  exerted  some  influence  although  not  enough 
to  indicate  any  important  effect  on  the  price  of  colored  fowl. 

As  noted  before,  80  per  cent  of  the  variation  in  colored-fowl  prices 
can  be  explained  by  changes  in  the  factors  measured  in  this  study, 
and  only  20  per  cent  of  the  variation  remains  unaccounted  for.  Of 
this  remaining  20  per  cent  of  variation  unaccounted  for,  a  part  may 
be  due  to  the  following  factors:  (1)  The  practice  among  receivers  of 
guaranteeing  a  price  to  shippers,  a  practice  which  occurs  to  such  an 
extent  that  occasionally  prices  may  be  considerably  distorted  for 
several  days  at  a  time.  ^  (2)  The  practice  of  receivers  of  allowing 


42         TECHNICAL  BULLETIN  107,  U.  S.  DEPT.  OF  AGKICULTURE 

stocks  to  accumulate  on  track  during  February  and  March  to  a 
much  greater  extent  than  usual.  This  practice  is  doubtless  caused 
by  the  fact  that  there  is  a  normal  tendency  for  colored-fowl  prices  to 
rise. during  this  period  in  anticipation  of  the  important  Jewish  holi- 
days later  in  the  season.  (3)  Lack  of  information  regarding  the 
accumulated  stocks  on  the  floors  of  slaughterhouses  during  the  week. 
No  doubt  there  is  considerable  variation  in  the  quantities  so  held 
at  different  times  of  the  year.  (4)  Failure  to  quote  prices  during 
the  early  part  of  the  week.^^ 

The  relative  importance  of  each  factor  as  a  cause  of  change  in  fowl 
prices  is  in  a  general  way  indicated  by  a  mathematical  measurement 
of  the  significance  of  each  factor.  In  this  way  changes  in  fowl  prices 
for  the  period  studied  can  be  statistically  related  to  the  variations  in 
each  of  the  other  factors  included  in  this  study.  These  factors  are 
the  expected  receipts  for  the  week,  price  of  the  previous  week,  tem- 
perature, and  kosher-veal  prices. 

Expected  receipts  for  the  week  was  the  most  important  of  the  four 
factors  and  accounted  for  approximately  40  per  cent  of  the  variation 
in  fowl  prices.  The  next  most  important  factor  was  found  to  be  the 
price  of  fowl  during  the  previous  week.  This  factor  was  responsible 
for  about  25  per  cent  of  the  variation  in  fowl  prices.  The  remaining 
two  factors — temperature  and  kosher-veal  prices — accounted  for 
about  8  per  cent  and  5  per  cent,  respectively,  of  the  changes  in  fowl 
prices.  Although  the  foregoing  figures  represent  the  relative  im- 
portance of  each  factor  when  the  effects  of  only  these  four  factors  on 
price  are  measured,  the  figures  would  be  slightly  modified  if  the 
effects  of  all  the  possible  factors  were  measurable  and  were  used  in 
the  computation.  The  extent  of  this  modification  is  dependent  upon 
the  relative  amount  which  remains  unaccounted  for,  which  in  this 
case  was  about  20  per  cent. 

On  the  average,  whenever,  without  changes  in  other  factors,  the 
expected  receipts  for  the  week  increase  or  the  temperature  increases, 
the  price  of  colored  fowl  tends  to  decrease.  On  the  other  hand,  as 
between  two  different  weeks  when  the  expected  receipts  for  the  week, 
the  temperature,  and  kosher-veal  prices  were  the  same,  but  the  fowl 
price  in  one  instance  had  been  higher  the  preceding  week  than  in  the 
other  instance,  that  usually  tended  to  raise  the  price  in  the  former 
case  above  what  it  would  otherwise  have  been.  Such  sustaining 
effect  of  the  price  of  the  previous  week  upon  the  next  week's  price 
rarely  exceeded  2  cents. 

Similarly,  as  between  two  different  weeks  with  the  same  supplies 
and  temperature  and  with  the  fowl  price  the  preceding  week  the  same 
in  both  cases,  but  with  kosher- veal  prices  higher  in  one  week  than  in 
the  other,  the  higher  price  for  veal  tended  to  cause  a  higher  price 
for  fowl. 

RELATION  OF  PRICES  FOR  COLORED  FOWL  TO  EACH  IMPORTANT  FACTOR 

The  following  discussion  includes,  in  some  detail,  the  extent  to 
which  fowl  prices  change,  on  the  average,  with  specific  changes  in 
each  of  the  known  factors  which  exert  an  influence  on  the  prices  of 
colored  fowl.  In  measuring  the  response  of  fowl  prices  to  changes  in 
each  of  the  price  determinants  taken  alone,  the  influence  of  the 
other  factors  is  held  constant. 


1'  See  p.  31. 
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EXPECTED    RECEIPTS    FOR    THE    WEEK    AS    A    FACTOR 

The  relation  between  the  expected  receipts  for  the  week  of  live 
poultry  and  the  price  received  for  colored  fowl  was  found  to  be  as 
indicated  in  Figure  26.  In  constructing  this  curve,  allowance  was 
rnade  for  the  relation  of  colored-fowl  prices  to  the  other  factors  men- 
tioned above.  In  other  words,  this  curve  indicates  the  relation 
between  the  expected  receipts  for  the  week  and  colored-fowl  prices 
when  no  changes  occur  in  the  other  factors,  as  determined  by  statis- 
tical means. 

Fowl  prices  show  about  the  same  amount  of  change  for  each  change 
in  expected  receipts  when  the  expected  receipts  for  the  week  range 
from  about  220  to  300  carloads.     (Fig.   26.)     When  the  expected 
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Figure  26.-Relation    of    Colored-Fowl    Prices   to    Expected    Weekly 
Receipts  of  Live  Poultry  in  Carloads  Arriving  in  New  York  City 

Variation  in  fowl  prices  for  given  variation  in  expected  weekly  receipts,  after  eliminating  the 
eflfects  of  other  factors  which  influence  price.  On  the  average,  expected  weekly  receipts  cause 
greater  changes  in  price  between  180  carloads  and  300  than  beyond  the  300  mark,  when  the  influence 
of  further  increases  in  supply  is  almost  negligible. 

receipts  for  the  week  are  less  than  220  carloads,  on  the  average,  an 
increase  of  20  cars  in  the  supply  will  cause  a  decrease  of  over  1.6  cents 
in  price,  which  is  a  greater  change  in  the  price  of  colored  fowl  than 
in  the  supply-range  previously  noted.  When  the  expected  receipts 
for  the  week  range  from  200  to  360  carloads,  an  increase  of  20  carloads 
in  the  expected  supply  will  cause  a  reduction  of  0.9  cent  in  the  price, 
on  the  average.  When  the  expected  receipts  exceed  360  carloads  per 
week  the  corresponding  change  in  price  is  much  less.  This  does  not 
necessarily  mean  that  the  supply  factor  beyond  this  point  exerts  no 
influence.  The  receivers  refuse  to  unload  whenever  they  consider 
that  the  price  is  too  low  to  give  a  fair  return  to  the  shippers  whom 
they  represent  and  hold  the  poultry  until  prices  become  more  favor- 
able. That  is  the  reason  larger  receipts  do  not  depress  the  price  still 
further.  This  of  course  holds  true  only  during  the  periods  in  which 
no  Jewish  holidays  occur  and,  to  a  lesser  extent  during  the  periods 
in  which  no  gentile  holidays  occur. 
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KOSHER    VEAL    AS    A    FACTOR 


The  analysis  indicates  that  fowl  prices  are  to  a  considerable  degree 
related  to  kosher-veal  prices,  with  the  influence  of  other  factors  held 
constant.  The  prices  of  colored  fowl  increase  8  cents  on  the  average 
with  each  5-cent  increase  in  kosher-veal  prices.  In  this  study  the 
relation  between  fowl  prices  and  kosher-veal  prices  is  the  same  at  all 
price  ranges.  That  is,  with  every  5-cent  increase  in  kosher-veal 
price,  the  price  of  colored  fowl  on  the  average  changes  8  cents  (other 
factors  remaining  constant). 

Although  colored-fowl  prices  tend  to  move  in  the  same  direction 
as  kosher-veal  prices,  the  tendency  is  for  any  changes  in  kosher-veal 
prices  to  follow  by  a  few  days  (but  less  than  a  week)  changes  in  the 
price  of  colored  fowl.  According  to  the  testimony  of  certain  dealers, 
the  underlying  reason  for  this  few  days'  lag  is  attributable  to  the 
buying  habits  of  the  ultimate  consumer.  The  housewife,  it  is  said, 
will  go  to  a  retail  establishment  to  purchase  live  poultry,  and  when  she 
finds  that  the  prices  of  fowl  have  increased  considerably  over  her 
previous  purchase,  rather  than  change  immediately  to  some  other 
kosher  meat  such  as  veal,  she  will  purchase  the  live  poultry,  but  next 
time  she  goes  to  the  market  she  will  take  some  substitute  product 
instead  of  poultry.  The  shift  from  poultry  to  some  other  kosher 
product  is  mainly  to  veal  and  thus  forces  the  price  of  this  product  up. 

It  is  the  consensus  of  opinion  in  the  trade  that  kosher  lamb  does 
not  serve  as  a  substitute  for  fowl  to  any  great  extent  because  the 
difference  in  price  between  fowl  and  lamb  is  ordinarily  considerably 
less  than  between  fowl  and  veal,  and  under  these  circumstances  the 
housewife  chooses  fowl  rather  than  lamb. 

According  to  the  present  study,  the  relation  between  colored-fowl 
prices  and  kosher  lamb  and  beef  prices  is  not  a  close  one.  Therefore 
it  was  decided  to  omit  them  in  the  final  calculations. 


TEMPERATURE    AS    A    FACTOR 


Temperature  in  New  York  City  plays  an  important  part  in  affecting 
week-to-week  price  changes  of  colored  fowl.  Figure  27  shows  the  net 
relation  between  maximum  temperature  ^^  and  colored-fowl  prices  in 
New  York  City  at  different  seasons  of  the  year.  The  curves  indicate 
a  marked  inverse  relation,  that  is,  on  an  average  an  increase  in 
maximum  temperature  of  10°  tends  to  depress  the  price  per  pound  of 
colored  fowl  by  0.5  cent. 

The  underlying  causes  of  the  relation  between  temperature  and 
colored-fowl  prices  are  the  habits  of  consumers,  who  shift  to  a  differ- 
ent type  of  diet  as  the  thermometer  registers  higher,  and  vice  versa. 
This  statement  is  subject  to  the  following  modifications:  During  the 
period  April  to  June,  within  the  range  of  50°  to  70°  F.,  an  increase 
of  20°  in  temperature  causes  a  decline  in  fowl  prices  of  3  cents  per 
pound  on  the  average.  Figure  27  shows  that  beyond  70°  the  temper- 
ature does  not  cause  quite  as  marked  further  decrease  in  price. 

During  the  period  January  to  March  a  rather  striking  relationship 
between  temperature  and  price  is  to  be  observed.  When  the  maxi- 
mum temperature  drops  from  40°  to  30°  F.,  unlike  the  situation  at 

18  Maximurn  temperature  was  used  instead  of  the  average  of  the  range  because  it  was  felt  that  if  tem- 
perature exerted  any  influence  on  the  variation  of  fowl  prices  it  would  be  in  the  extreme  rather  than  the 
average. 
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other  times  of  the  year,  fowl  prices  show  an  average  decrease  of  1 
cent  per  pound.     The  probable  reason  is  that  temperature  below  40° 
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After  eliminating  the  effects  of  all  other  factors  these  curves  show  how  colored-fowl  prices  varied 
with  temperature  during  different  seasons  of  the  year.  When  weekly  maximum  temperature  falls 
below  40°  F.  during  winter  months,  fowl  prices,  unlike  other  times,  decrease  with  each  succeeding 
drop  in  temperature.  Beyond  40°  the  reverse  holds  true.  Fowl  prices  respond  to  temperature  much 
more  rapidly  between  50°and  60°  in  May  and  through  June  than  at  any  other  time  during  the  year. 

is  likely  to  be  associated  with  relatively  long  periods  of  inclement 
weather,  during  which  time  the  housewife  may  forego  the  purchase 
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of  her  usual  supplies.  This  in  turn  would  reduce  the  requirements 
of  the  wholesale  buyer.  This  seems  all  the  more  probable  because 
of  the  fact  that  Hve  poultry,  unHke  most  other  commodities,  is 
invariably  purchased  only  after  personal  inspection.  Above  40°  the 
general  relationship  between  temperature  and  price  is  followed. 

PRICE    DURING    PREVIOUS    WEEK   AS    FACTOR 

Another  factor  which  exerts  considerable  influence  on  the  variation 
of  colored-fowl  prices  is  the  price  of  this  class  of  poultry  during  the 
previous  week.  The  average  live-poultry  dealer  at  the  beginning  of 
each  business  week  is  guided  in  his  ideas  of  prices  of  colored  fowl  by 
the  price  level  of  colored  fowl  during  the  previous  week.  This  price 
of  the  previous  week  is  the  most  concrete  expression  of  value  avail- 
able to  him,  and  whether  it  is  done  consciously  or  not  the  poultry 
receiver  as  well  as  the  buyer  uses  this  price  as  a  point  of  departure 
in  his  estimates  of  value  during  the  current  week.  This  subconscious 
dependence  upon  the  price  of  the  previous  week  as  a  guide  to  estimat- 
ing values  for  the  current  week  is  probably  due  to  the  fact  that  there 
is  a  certain  price  stability  in  most  economic  series  from  week  to  week 
and  this  principle  appHes  to  the  Hve-poultry  industry  in  New  York 
City  as  well  as  to  other  industries.  Prices  of  colored  fowl  during  the 
current  week,  it  should  be  noted,  in  their  relationship  to  those  of  the 
previous  week,  reflect  the  cumulative  influence  of  conditions  during 
a  period  of  several  weeks.  This  is  especially  true  in  those  seasons 
which  include  the  important  Jewish  holidays. 

As  previously  stated,  in  two  separate  weeks  when  the  expected 
weekly  receipts,  the  temperature,  and  the  kosher-veal  prices  are  the 
same,  but  when  the  fowl  prices  the  preceding  week  have  been  higher 
in  one  instance  than  in  the  other  instance,  that  fact  tended  to  raise 
the  price  in  the  first  instance  above  what  it  otherwise  would  have 
been.  That  is  to  say,  as  between  two  different  weeks,  in  which 
conditions  were  otherwise  identical,  if  the  price  of  colored  fowl  the 
preceding  week  in  one  instance  was,  for  example,  25  cents,  the  price 
during  the  given  week  on  the  average  would  be  26 K  cents;  and  in 
the  other  instance  if  the  price  the  preceding  week  was  30  cents  the 
price  in  the  given  week  on  the  average  would  be  28K  cents.     (Fig.  28.) 

Although  (other  factors  remaining  unchanged)  the  relationship 
between  the  price  of  fowl  during  a  given  week  and  that  of  the  follow- 
ing week  is  as  indicated  above,  the  combined  forces  of  the  expected 
weekly  receipts,  the  temperature,  and  the  kosher-veal  prices,  operat- 
ing at  the  same  time,  tend  to  modify  the  changes  iq  price  from  week 
to  week. 

Figure  29  shows  the  difference  between  the  prices  of  colored  fowl 
for  each  week  and  those  of  the  following  week,  in  turn  through  the 
two  survey  years.  It  will  be  noted  that  the  difference  in  price  from 
week  to  week  seldom  exceeds  23/^  cents  per  pound  except  where  un- 
usual conditions  are  injected,  such  as  holiday  requirements.  The 
important  holiday  seasons  which  modify  considerably  the  usual  con- 
sumption of  live  poultry  center  around  the  early  spring  months,  the 
early  fall  months,  and  the  Thanksgiving-Christmas  holiday  season. 
During  these  periods  the  changes  in  fowl  prices  may  be  very  violent 
from  week  to  week  on  account  of  the  difficulty  of  adjusting  supply 
to  the  marked  change  in  consumptive  requirements.     But  even  in- 
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eluding  these  rather  violent  fluctuations  the  average  difference  in 
price  from  week  to  week  is  only  about  2  cents  per  pound. 
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Figure  28.— Relation  OF  Colored-Fowl  Prices  TO  Its  Price  of  the  Previous 

Week 

After  eliminating  the  influences  of  other  factors  this  chart  shows  the  influence  of  fowl  prices  in  a 
given  week  on  the  price  in  the  following  week. 

During  the  period  studied  it  may  be  seen  (fig.  29)  that  the  differ- 
ence in  price  of  colored  fowl  from  week  to  week  was  2  cents  or  more 
in  32  instances  (weeks  in  which  Jewish  and  Christian  holidays  exert 
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Figure  29.— Difference  Between  the  Price  of  Fowl  for  Each  Week  and 
Those  for  the  Following  Week,  Each  in  Turn  Through  the  Period 

The  difference  in  price  from  week  to  week  seldom  exceeds  2J^  cents  per  pound  except  when 
unusual  conditions  are  injected  such  as  holiday  requirements. 

an  influence  are  omitted).  In  22  of  the  32  instances,  when  the  price 
of  fowl  in  a  given  week  was  2  cents  or  more  above  that  of  the  previous 
week,  a  decrease  occurred  in  the  following  week,  or  when  the  price 
in  a  given  week  was  2  cents  or  more  below  that  of  the  previous  week, 
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an  increase  occurred  in  the  following  week.  In  10  cases  out  of  the 
32,  when  the  price  changed  2  cents  or  more  from  that  of  the  previous 
week,  the  change  the  next  week  was  in  the  same  direction.  In  the 
remaining  49  cases  the  difference  in  price  from  week  to  week  was 
less  than  2  cents  per  pound.  It  seems,  therefore,  that  the  business 
man  in  the  live-poultry  industry  can,  by  excluding  the  holiday  sea- 
sons mentioned,  estimate  quite  closely  the  price  of  colored  fowl  during 
the  current  week,  without  considering  other  facts.  That  is  to  say, 
he  can  about  two  times  out  of  three,  estimate  within  2  cents  per 
pound  what  the  actual  price  of  colored  fowl  will  be. 

BUSINESS    ACTIVITY 

Besides  measuring  the  more  specific  price-determining  factors,  it 
was  decided  to  determine  how  the  prices  responded  to  the  variation 
in  business  activity.  In  this  study  the  total  pay  roll  in  New  York 
City,  including  the  garment  industry,  was  used.  The  results  show 
a  very  slight  relationship. 

A  change  of  5  per  cent  of  the  business  index  of  New  York  City 
(other  factors  remaining  unchanged)  indicates  an  accompanying 
change  of  0.4  per  cent  in  colored-fowl  prices.  Apparently  the  prices 
of  colored  fowl  are  not  very  sensitive  to  the  changes  in  general  business 
in  New  York  City.  This  may  probably  be  explained  by  the  fact 
that  the  Jewish  population  (especially  the  orthodox  Jews)  are  very 
loath  to  give  up  the  consumption  of  live  poultry  until  economic  con- 
ditions compel  a  change  to  substitute  products,  and,  especially  in 
recent  years,  periods  of  depression  have  rarely  been  prolonged  enough 
seriously  to  curtail  the  consumption  of  this  product. 

HOLIDAY    INFLUENCE 

The  foregoing  discussion  relative  to  the  factors  influencing  the 
variation  of  colored-fowl  prices  was  mostly  centered  on  weeks  in 
which  no  Jewish  holidays  occurred.  The  Jewish  holidays  tend  to 
distort  the  factors  which  operate  with  considerable  regularity  during 
other  times  of  the  year,  and  therefore  it  was  felt  that  their  influence 
should  be  studied  and  measured  separately. 

Religious  holidays  affect  sales  in  a  somewhat  variable  manner, 
depending  upon  their  importance  and  the  day  of  the  week  on  which 
they  occur.  When  a  Jewish  holiday  or  any  important  holiday  falls 
on  Sunday,  there  is  but  little  increase  over  the  usual  Sunday  demand, 
and  the  influence  is  not  so  great  on  the  weekly  sales  as  it  would  have 
been  if  the  holiday  had  occurred  on  some  week  day.  During  this 
study  when  the  holiday  came  on  a  week  day  it  was  found  that  the 
ultimate  consumer  bought  more  Hve  poultry  than  he  usually  did  for 
nornial  requirements;  namely,  the  usual  week-end  supply,  plus  the 
requirements  for  the  additional  holiday. 

All  the  holidays  do  not  exert  the  same  influence  on  sales.  Figure 
30  shows  the  percentage  influence,  or  the  quantity  consumed  above 
normal  requirements,  at  different  seasons  of  the  year.  These  per- 
centages were  found  by  taking  the  average  of  the  two  previous  weeks 
as  normal,  and  then  finding  the  percentage  increase  in  quantities  sold 
on  each  of  these  holidays  in  comparison  with  the  average  for  the  two 
previous  weeks.  This  was  done  for  each  of  the  three  years  and  an 
average  was  made.     Some  correction  had  to  be  made  so  as  to  allow 
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for  the  holidays  which  fell  on  Sunday.  It  will  be  noted  that  Passover 
and  Rosh  Hashana  (Jewish  New  Year)  exert  the  greatest  influence 
of  all  the  Jewish  hohdays.  Yom  Kippur  and  Hanukka  and  Last 
Passover  are  next  in  importance.  Purim,  Feast  of  Law,  and  Succoth 
show  very  little  evidence  of  causing  any  unusual  increase  in  demand. 
Of  the  gentile  hohdays,  Thanksgiving  and  Christmas  exert  the 
greatest  influence. 

The  above  figures  are  fairly  good  indexes  by  which  both  the  shippers 
and  the  receivers  may  gauge,  on  the  average,  the  increase  in  sales 
each  holiday  will  bring,  but  it  should  be  remembered  that  these 
figures  are  based  on  only  three  years'  sales  (including  1927)  and  are, 
therefore,  subject  to  some  error.     It  is  felt  that  these  figures  may  be 


PER  CENT  WHOLESALE 
20  30  40 


50 


60 


HOLIDAY 

PURIM 

SUCCOTH    

FEAST  OF  LAW 

(GENTILE  )  NEW  YEAR  - 

LAST  PASSOVER   

THANKSGIVING 

HANUKKA  AND  CHRISTMAS 

YOM  KIPPUR 

ROSH   HASHANA  

PASSOVER    


Figure  30.— Influence  of  Holidays  on  the  Weekly  Wholesale  Sales  of 
Live  Poultry  in  New  York  City 

Increases  in  wholesale  sales  are  expressed  as  percentages  of  the  average  of  two  weeks  prior  to  a 
given  holiday.  The  most  important  Jewish  feasts,  Thanksgiving,  and  Christmas  demand  a  larger 
quantity  of  live  poultry 

taken  as  illustrating  what  is  to  be  expected  in  a  general  way  during 
the  holiday  seasons.  A  shipper  or  receiver  can,  with  some  security, 
use  these  percentages  and  apply  them  to  the  weekly  arrivals  of  the 
two  previous  weeks  and  get  a  fair  idea  of  what  a  normal  demand 
will  be  during  a  given  holiday. 

Figure  31  shows  the  actual  price  of  colored  fowl,  weekly,  from 
November  1,  1923,  to  October  31,  1924,  and  from  May  1,  1925,  to 
April  30,  1926,  and  through  the  year  1927.^^  The  period  included 
in  the  statistical  analysis  covered  two  years,  or  104  weeks,  but  after 
ehminating  the  weeks  in  which  the  Jewish  hohdays  occurred,  the 
number  of  weeks  was  reduced  to  87  during  the  two  years.  The 
broken  line  in  the  illustration  is  the  reconstructed  price  computed 
from  the  results  of  the  studies  for  the  two  survey  years,  from  which 
data  the  relation  of  colored-fowl  prices  and  other  factors  were  found. 
The  double  line  shows  the  influence  that  the  Jewish  holidays  had  on 
price.     The  dotted  line  from  February   1,  to  December  31,   1927, 
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shows  the  estimated  price  for  the  subsequent  weeks.  The  double 
line  shows  the  distorted  price  in  1927  caused  by  Jewish-holiday 
seasons.  These  estimates  are  obtained  on  the  assumption  that  the 
influence  of  the  various  factors  on  fowl  prices,  as  found  during  the 
two  survey  years,  continued  to  exert  the  same  influence  in  1927. 
The  chart  shows  a  very  close  relation  between  the  reconstructed 
and  the  actual  price  during  the  two  survey  years,  with  the  exception 
of  the  weeks  in  which  the  Jewish  holidays  occur.  Eliminating  the 
Jewish  holidays,  the  error  was  3.5  per  cent  or  about  1  cent  variation. 
An  inspection  of  the  chart  shows  that  the  actual  or  estimated  prices 
are  likewise  close  in  1927,  showing  6.4  per  cent  variation,  or  about 
1.8  cents  difference.  In  other  words,  on  the  basis  of  the  factors 
considered  in  the  final  computations,  the  average  difference  between 
the  estimated  week-to-week  price  and  the  actual  price  was  1  cent 
for  the  two  survey  years  and  2  cents  for  1927. 

^  Figure  32  is  identical  with  Figure  31  except  that  it  shows  the  rela- 
tion between  the  actual  and  the  reconstructed  prices  corrected  for  the 
Jewish  holidays  on  the  basis  of  the  data  shown  in  Table  13.  After 
the  corrections  for  the  holiday  seasons  have  been  made,  the  actual 
and  estimated  prices  run  very  close  together,  which  indicates  that 
the  most  important  factors  have  been  considered  in  measuring  the 
variations  in  fowl  prices.  The  inference  to  be  gathered  from  this 
chart  is  that  apparently  the  forces  which  operated  during  the  two 
survey  years  on  fowl  prices  had  not  materially  changed  in  the  subse- 
quent period,  that  is,  1927.  It  seems,  therefore,  that  the  forces 
which  were  measured  in  this  study  tend  to  repeat  themselves.  The 
conclusion  to  be  drawn  is  that  imder  similar  conditions  the  trade  is 
always  likely  to  react  to  these  forces  in  the  same  way. 

Table  13. — Average  increase  in  fowl  price  above  usual  price  for  the  period  studied 
in  weeks  of  various  holidays  ^ 


Holiday 

Average 
increase 

per 
pound 

Holiday 

Average 
Increase 

per 
pound 

Rosh  Hashana 

Cents 
CO 
5.0 
4.0 
4.0 
3.0 

Yom  Kippur 

Cents 
3.0 

Hanukka  and  Christmas 

1.0 

Last  Day  of  Passover 

Purim. 

0.6 

Gentile  New  Year _. 

0.0 

Succoth                                       - .  . 

1  The  "usual"  price  was  an  estimate  of  what  the  price  would  have  been  with  such  supplies,  as  determined 
by  measuring  the  effect  of  supply  and  other  factors  upon  price  in  weeks  in  which  there  were  no  holidays. 
This  "usual"  price  is,  therefore,  an  estimate  of  what  the  price  would  have  been  if  the  important  Jewish 
holiday  demand  had  not  changed  it. 

FACTORS  RELATED  TO  BROILER  AND  CHICKEN  PRICES 

In  another  section  of  this  bulletin  the  general  movement  of  both 
chicken  and  broiler  prices  as  related  to  their  respective  volumes  has 
been  noted.  The  price  relation  between  broilers  and  chickens  is  rather 
complex  because  of  the  biological  factor  to  which  reference  has  already 
been  made.  Broilers  merge  into  the  chicken  class  as  the  season 
advances.  Broilers  increase  in  volume  from  April  through  August, 
when  they  suddenly  decline  in  volume  because  this  class  of  poultry 
has  become  too  heavy  to  be  classed  as  broilers  and  has  become  chick- 
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ens.  Beginning  with  the  early  part  of  winter  and  extending  to  the 
early  part  of  spring,  the  volume  of  broilers  is  almost  constant.  Broiler 
prices,  on  the  other  hand,  during  this  period  tend  to  rise  at  a  rapid 
rate,  and  this  upward  price  movement  is  greatly  accentuated  during 
the  early  spring  months.  Apparently  there  are  two  causes:  (1)  The 
demand  for  broilers  is  rapidly  rising  and  can  not  be  met  by  the  limited 
supply;  and  (2)  the  volume  of  chickens  is  steadily  diminishing,  creat- 
ing a  shortage  for  both  broilers  and  chickens  during  which  time  the 
demand  for  both  is  about  equally  great.  The  peak  of  broiler  prices 
is  reached  in  April,  or  around  the  spring  Jewish  holidays.  Thereafter 
the  prices  steadily  decline,  and  this  decline  is  accelerated  by  an  increas- 
ing volume  of  broilers. 

The  price  variation  of  broilers  is  pronounced  during  the  year.     The 
maximum  price  usually  runs  around  50  to  60  cents  a  pound,  whereas 
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Figure  33.— Relation  of  Broiler  Prices  to  Volume 


The  prices  of  broilers  in  New  York  City  are  highest  when  the  volume  is  low,  and  the  rate  of 
change  in  broiler  prices  dininishes  as  the  volume  increases,  other  factors  held  constant. 

the  minimum  is  usually  somewhere  near  25  to  30  cents  a  pound.  This 
range  is  largely  influenced  by  three  important  factors:  Supply  of 
broilers,  seasonal  variations  in  demand  (which  is  measured  by  price 
movements),  and  chicken  prices.  Of  the  three,  broiler  supply  exerts 
the  greatest  influence.  Seasonal  variation  is  the  next  most  important 
factor.  After  making  simultaneous  allowance  for  other  factors,  the 
net  relation  between  supply  and  price  of  broilers  is  as  noted  in  Figure 
33.  It  will  be  seen  that  the  relation  is  inverse  and  that  the  variation 
in  the  price  of  this  type  of  bird  is  more  pronounced  when  the  supply 
is  very  small  than  when  the  volume  is  large.  As  the  quantity  of 
broilers  increases  beyond  the  100,000-pound  level,  the  price  shows  a 
gradual  decrease.  The  outstanding  reason  why  broiler  prices  show 
greater  changes  when  relatively  small  quantities  arrive  on  the  market 
(as  during  the  winter  and  early  spring  months)  than  for  larger  volumes 
which  come  during  the  summer  months,  is  the  demand  around  the 
spring  Jewish  holidays.  The  peak  of  demand  for  broilers  is  reached 
about  the  month  of  April,  during  which  time  the  consumer  is  willing 
to  pay  a  very  high  price  to  obtain  broilers, 
29079°— 29 5 
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Since  the  price  of  broilers  is  unusually  high  around  April,  it  is 
likely  that  a  considerable  increase  in  volume  might  be  placed  upon 
the  market  at  this  season  without  seriously  depressing  the  price,  but 
just  how  much  more  would  be  taken  without  greatly  depressing  prices 
to  lower  levels  is  rather  problematical.  The  data  indicate  that  the 
Jewish  spring-holiday  season  offered  a  greater  opportunity  for  the 
profitable  marketing  of  broilers  during  the  period  covered  by  this 
study  than  was  offered  during  any  other  part  of  the  year. 

From  September  through  the  end  of  the  year  and  during  the  early 
months  of  the  new  year  chickens  arrive  in  large  volume;  the  volume 
declines  during  late  winter  and  the  early  spring  season.  During  this 
annual  cycle,  the  price  of  chickens  rises  from  November  to  June  and 
falls  from  June  to  November.  After  statistically  measuring  the  fac- 
tors which  cause  the  changes  in  price  of  chickens,  it  was  found  that 
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Figure  34.— Relation  of  Chicken  Prices  to  Volume 


After  the  influences  of  other  factors  are  ehrainated  chicken  prices  generally  decrease  as  the 
volume  increases. 

the  supply  of  this  type  of  bird,  the  seasonal  factor,  and  broiler  prices 
were  the  most  important,  with  supply  exerting  the  greatest  influence 
and  broiler  prices  the  least.  Figure  34  shows  the  relation  between 
chicken  volume  and  price  after  the  influence  of  the  other  factors  has 
been  eliminated.  The  figure  clearly  indicates  that  the  sensitiveness 
of  chicken  prices  is  much  greater  than  that  of  broilers.     (Fig.  33.) 

At  practically  every  point  the  change  in  price  is  the  same  for  an 
accompanying  change  in  volume,  except  at  the  extreme  left  of  the 
curve,  when  a  sharper  increase  is  noted,  and  at  the  lower  end  of  the 
chart,  when  an  increase  in  supply  will  cause  very  little  change  in 
chicken  prices.  The  major  cause  for  a  somewhat  sharper  change  in 
the  upper  extremity  of  the  curve  is  the  fact  that  the  supply  of  both 
chickens  and  broilers  is  relatively  small  during  the  spring  months  and 
the  demand  during  the  Jewish-holiday  season  is  strong.  This  com- 
bination of  factors  forces  chicken  prices  into  a  higher  range.  That 
is,  they  show  a  very  marked  increase  in  price  and  reach  the  peak  of 
the  season  at  this  time  (May  and  June),  and  from  this  point  they 
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steadily  move  downward.  (Fig.  21.)  On  the  average  an  increase  of 
200,000  pounds  (of  chickens)  will  be  accompanied  by  decrease  of  1.8 
cents  per  pound  in  price  of  chickens,  assuming  that  no  other  factors 
are  exerting  an  influence.  The  curve  (fig.  34)  indicates  that  on  the 
average  this  holds  true  in  practically  every  point  on  the  curve  with 
one  exception,  that  is,  an  increase  in  volume  of  sales  between  the 
range  of  1,600,000  pounds  and  2,000,000  pounds  would  cause  almost 
no  change  in  price.  Hence  it  is  seen  that  the  price  of  chickens  shows 
a  steady  increase  from  week  to  week  until  it  reaches  a  maximum  about 
May  or  June  and  it  then  steadily  declines  until  it  reaches  a  minimum 
about  October  or  November.  The  dealer  should  take  this  into 
account  in  estimating  the  probable  price  of  this  class  of  poultry  from 
week  to  week.  (See  Tables  21,  22,  and  23  for  data  used  in  the  statis- 
tical analysis.) 

UNION  TERMINAL  AND  LIVE  POULTRY  EXCHANGE 

The  terminal  costs  of  marketing  live  poultry,  such  as  unloading 
costs,  coop  rental,  cost  of  cartage,  and  commissions,  have  been  dis- 
cussed. The  pilferage  of  poultry  at  the  various  terminals  through 
the  connivance  of  carmen  and  various  groups  of  employees  has  been 
mentioned.  Alleged  irregularities  in  weighing  the  poultry  as  it  is 
unloaded  from  the  car  and  placed  in  coops  preparatory  to  transfer  to 
the  slaughterhouses  has  been  noted  in  passing. 

The  concentration  of  activity  at  one  point  would  make  it  possible 
to  reduce  the  costs  of  rendering  legitimate  terminal  services  under  the 
present  system  of  handling  live  poultry  and  make  it  much  easier  to 
eliminate  the  illicit  practices  which  now^  prevail.  Commission  men 
could  reduce  the  number  of  their  salesmen  and  assume  more  per- 
sonal control  of  the  entire  operation.  The  number  of  employees  for 
unloading  from  the  car  and  loading  on  the  trucks  could  be  materially 
reduced,  and  coop  and  cartage  costs  could  be  reduced  through  more 
intensive  use  of  these  facihties.  Just  how  much  can  be  saved  it  is 
difficult  to  estimate  in  advance,  but  the  saving  is  certain  to  rim  into 
large  figures. 

Of  equal  advantage  with  the  possibiHty  of  reducing  terminal  han- 
dling costs,  selling  costs,  truckmg  costs,  and  of  reducing  shrinkage 
losses  through  less  handling,  the  proposed  union  terminal  might 
offer  the  proper  setting  in  which  to  create  a  more  suitable  method  of 
arriving  at  a  price  and  a  method  of  trading  which  will  help  to  correct 
the  questionable  practices  which  now  prevail.  The  present  method 
of  purchasing  is  characterized  by  inspection  of  the  supply  (by  the 
buyer)  at  a  number  of  scattered  terminals,  by  selection,  and  by  truck- 
ing away  to  slaughterhouses,  all  on  the  basis  of  a  conditional  price. 
Whatever  price  is  indicated  at  the  time  that  physical  possession  is 
transferred  from  commission  merchant  to  buyer  is  subject  to  the 
announcement  of  a  quotation  which  may  appear  later  in  the  day  in  a 
weU-known  trade  paper. 

The  judgment  of  the  reporter  in  aniving  at  this  quotation  (accord- 
ing to  the  officials  of  this  trade  paper)  is  based  upon  values  indicated 
by  ''sales  from  receivers  to  wholesale  distributors,  willingness  and 
ability  to  sell,  and  willingness  and  ability  to  buy."  The  quotation  is 
said  to  be  based  partly  upon  actual  sales  as  reported  by  commission 
merchants  and  slaughterhouse  buyers.  However,  signed  statements 
collected  from  practically  all  commission  merchants  for  a  period  of 
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approximately  one  month  indicate  that  sales  made  before  the  reporter 
determines  upon  a  price  are,  practically  without  exception,  made 
conditional  upon  the  subsequent  quotation. 

Notwithstanding  the  honest  efforts  of  a  number  of  commission  men 
to  sell  outright  at  a  price  established  by  individual  negotiation  during 
the  forenoon,  the  buyers  insist  on  the  quotation  as  the  settling  price. 
If  prices  established  by  individual  negotiations  are  higher  than  the 
quotation  subsequently  announced,  the  buyers  simply  refuse  to  pay 
more  than  the  published  quotation,  and  the  only  alternative  would 
be  a  suit  for  collection,  which  the  commission  merchants  are  loath  to 
press.  Both  buyer  and  shipper  are  dependent  upon  this  quotation, 
each  buyer  feeling  that  he  is  sure  that  his  competitor  is  pajdng  the 
same  price  as  himself,  and  each  shipper  feeling  that  he  is  getting  the 
top-market  quotation.  Aside  from  the  desirability  or  undesirability 
of  a  uniform  price  in  a  supposedly  competitive  market,  the  question 
of  whether  that  price  represents  a  proper  evaluation  of  the  relative 
strength  of  the  supply  and  demand  from  day  to  day  is  to  be  con- 
sidered. As  it  now  stands  it  is  the  judgment  of  one  man  based  upon 
such  transactions  as  the  dealers  may  claim.  Misrepresentation  of 
sales  and  purchases  and  manipulation  up  or  down  according  to  the 
advantage  of  some  group  or  of  individuals  in  the  market  are  always 
potentially,  if  not  actually  present. 

In  order  that  a  mechanism  for  conducting  open  trading  and  for 
establishing  a  price  truly  representative  of  the  opinions  of  individuals 
bargaining  with  each  other  may  be  realized,  it  has  been  proposed  that 
a  centralization  of  the  physical  receipts  as  well  as  of  trading  is  neces- 
sary. On  March  30, 1927,  an  act  was  passed  by  the  New  York  State 
Legislature,  which  was  prepared  by  the  attorney  general's  office  in 
conference  with  the  trade  bodies,  chartering  an  exchange.  It  is 
asserted  that  such  an  exchange  will  function  best  if  located  at  a  point 
where  physical  receipts  are  centralized,  and  that  the  creation  of  a 
union  terminal  will  be  conducive  to  the  development  of  a  type  of 
trading  for  live  poultry  which  is  both  legal  and  economically  sound. 
This  benefit,  together  with  the  saving  in  cost  of  operations  to  ship- 
pers, commission  men,  and  buyers,  presents  reason  in  favor  of  such 
union-terminal  facilities. 

The  Port  of  New  York  Authority,  through  its  corps  of  engineers 
and  economists,  has  given  considerable  attention  to  the  drafting  of 
plans  designed  to  meet  the  requirements  of  the  trade  for  a  union 
terminal.  After  a  careful  survey  of  the  various  sites  which  offered 
possibilities  as  a  location  for  such  a  terminal,  it  was  found  that  the 
present  site  of  the  Erie  terminal  at  Weehawken,  N.  J.,  most  nearly 
fulfills  all  the  requirements,  both  physical  and  economic.  A  com- 
mittee of  the  tradfe  took  up  negotiations  with  the  Erie  Railroad,  and 
the  officials  of  this  road  have  agreed  to  furnish  the  facilities  called  for 
in  the  plans  and  specifications  submitted  by  the  port  authority, 
and  to  have  the  terminal  ready  for  use  within  six  months  after  the 
final  details  of  the  transaction  have  been  completed. 

By  concentrating  the  bulk  of  the  available  supply  (cars  on  track 
at  terminals)  at  one  point  where  it  can  be  inspected  freely  by  buyers, 
large  and  small,  and  where  the  receivers  may  show  their  entire 
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offerings,  the  necessity  for  conditional  purchases  may  be  eliminated. 
That  is  to  say,  the  buyers  not  only  may  inspect  the  goods  before 
bidding  and  the  receivers  display  their  entire  offerings,  but  the  entire 
transaction  may  be  completed  directly  following  inspection  on  the  floor 
of  the  exchange.  The  price  will  thus  have  been  established  before 
the  buyer  has  taken  physical  possession  of  the  goods.  This  is  not  pos- 
sible under  present  conditions  when  three  or  four  terminals  and  West 
Washington  Market  frequently  must  be  visited. 

The  aim  should  be  to  make  the  exchange  such  an  attractive  and 
efficient  instrument  for  buying  and  selling  poultry  that  a  substantial 
part  of  the  freight  receipts  would  be  sold  upon  its  floors.  If  this 
were  done,  the  prices  of  live  poultry  by  grades  and  classes  could  be 
reported. 

SUMMARY  AND  CONCLUSIONS 

This  study  was  undertaken  by  the  Bureau  of  Agricultural  Eco- 
nomics upon  the  request  of  the  New  York  Live  Poultry  Commission 
Merchants  Association  and  the  office  of  the  attorney  general  of  the 
State  of  New  York. 

Daily  records  of  volume  by  classes,  costs  of  marketing  within  the 
city,  and  prices  of  live  poultry  were  obtained  from  the  books  of  New 
York  live-poultry  commission  men  for  the  two  years  November 
1,  1923,  to  October  31,  1924,  and  May  1,  1925,  to  April  30,  1926. 
The  intervening  period  was  omitted  because  of  the  embargo  resulting 
from  an  invasion  of  the  European  fowl  pest. 

Supplementary  data  were  obtained  by  questionnaire  from  the 
shippers  and  more  general  data  were  secured  from  the  reports  of  a 
well-known  pubUshing  company  and  from  the  United  States  Depart- 
ment of  Agriculture. 

Approximately  13,000  cars  of  live  poultry,  valued  at  about  $65,- 
000,000  on  the  basis  of  present  wholesale  prices  (about  30  cents  per 
pound),  reach  the  New  York  market  annually.  About  94  per  cent 
comes  by  freight,  and  the  remainder  comes  by  express. 

The  functionaries  who  render  the  various  marketing  services  con- 
nected with  the  freight  shipments  are  as  foUows:  The  shippers,  dis- 
tributed over  about  30  States;  4  terminal  railroad  companies;  2 
poultry-car  companies;  about  23  poultry  commission  firms;  1  coop 
company;  a  five-poultry  cartage  company;  and  about  600  slaughter- 
house men. 

The  freight  receipts  have  increased  from  about  2,000  cars  in  1905 
to  12,000  cars  in  1927,  with  an  average  annual  increase  of  more  than  9 
per  cent.  The  average  net  weight  of  a  car  is  nearly  17,000  pounds, 
and  the  average  value  nearly  $5,000. 

Members  of  the  trade  estimate  that  approximately  80  per  cent  of 
the  five  poultry  is  consumed  by  the  Jewish  population,  10  per  cent  by 
the  Itafian,  and  the  remainder  by  various  other  gentile  groups. 

The  different  classes  of  five  poultry  show  a  high  degree  of  regu- 
larity in  the  matter  of  seasonal  changes  in  arrivals  on  the  market. 

Some  receivers  speciafize  in  a  particular  method  of  shipments  (ex- 
press or  freight)  and  in  the  special  classes  of  poultry  they  handle. 
Some  operate  exclusively  on  a  commission  basis;  other  may  inter- 
sperse outright  purchases  and  ''joint  account"  transactions  with  a 
commission  business. 
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Missouri,  Kansas,  Illinois,  and  Oklahoma  provide  a  large  percent- 
age of  the  total  freight  receipts,  Missouri  alone  contributing  about 
one-fifth. 

Nearly  80  per  cent  of  the  winter  broilers  shipped  by  express  come 
from  New  Hampshire. 

Costs  of  marketing  live  poultry  from  shipping  point  to  slaughter- 
house only,  computed  on  a  per  pound  basis,  are  on  the  average  for  all 
States  as  follows:  Transportation  (freight,  carman,  feed,  etc.),  3.88 
cents;  commission,  1.02  cents;  coops,  0.63  cent;  cartage,  0.27  cent,  and 
unloading,  0.33  cent.     The  average  is  6.13  cents  per  pound. 

The  average  total  marketing  cost  per  car  from  shipping  point  to 
slaughterhouse  is  about  $1,000. 

The  total  marketing  costs  to  slaughterhouse  per  poimd,  vary  from 
about  9  cents  for  Texas  to  about  4.5  cents  for  Ohio,  and  the  costs  per 
car  for  these  States  are  about  $1,500  and  $700  per  car  respectively. 

The  percentage  distribution  of  these  total  costs  per  car  from  ship- 
ping point  to  slaughterhouse  are  approximately  as  follows :  Transporta- 
tion (freight,  carman,  feed,  demurrage,  stop-off,  and  reconsignment), 
63.3  per  cent;  commission,  16.6  per  cent;  coops,  10.3  per  cent;  cartage, 
4.4  per  cent;  and  imloading,  5.4  per  cent.  That  is  to  say,  nearly  two- 
thirds  of  the  marketing  costs  are  incurred  in  transit,  and  one-third  is 
incurred  at  the  terminals.  Of  the  terminal  costs  more  than  one-half 
goes  for  coops,  cartage,  and  unloading.  This  does  not  include  the 
extra  charge  made  by  the  cartage  company  for  moving  poultry  to 
points  other  than  West  Washington  Market. 

The  total  of  terminal  marketing  costs,  excluding  the  additional 
charge  by  a  carting  company,  is  approximately  $4,500,000  per  year. 
Of  this  arnount  nearly  one-half  is  for  commission. 

The  marketing  costs  from  shipping  point  to  the  slaughterhouse  vary 
from  about  30  per  cent  of  the  wholesale  value  per  pound  for  Texas,  to 
about  15  per  cent  for  Ohio.  The  average  net  weight  per  car  reaching 
this  market  is  about  17,000  pounds.  The  minimum  weight  upon 
which  freight  is  charged  is  18,000  pounds  from  all  points  east  of  the 
Mississippi  River  and  20,000  pounds  from  points  west  of  the  Missis- 
sippi to  the  river,  wherever  a  class  rate  prevails.  Where  a  commodity 
rate  prevails,  a  through  rate  based  on  an  18,000-pound  minimum  is  in 
force  west  of  the  river  also. 

Prices  of  live  poultry  for  quotation  purposes  are  determined  between 
12  o'clock  noon  and  1  p.  m.  by  a  representative  of  a  private  price- 
reporting  agency.  The  price  quoted  is  the  basis  for  settlement 
between  commission  men  and  buyers  as  well  as  the  basis  for  return  to 
shippers.  The  reporter  bases  his  quotations  upon  conditional  sales 
and  purchases  given  him  by  buyers  and  sellers.  These  conditional 
or  tentative  sales  and  purchases  are  later  consummated  on  the  basis 
of  the  quotation  which  was  itself  determined  by  these  reported  sales 
and  purchases. 

More  poultry  is  sold  on  Wednesday  than  on  any  other  day  in  the 
week.  The  order  of  importance  of  the  remaining  days  are  Thursday, 
Tuesday,  Friday,  and  Monday. 

The  day  of  greatest  slaughter  is  Thursday  in  winter  and  Friday  in 
summer. 

A  price  quotation  is  rarely  made  on  Monday,  and  often  one  is  not 
until  Tuesday  or  Wednesday.  Instances  occur  when  no  quotation  is 
issued  until  Thursday. 
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In  the  analysis  of  live-poultry  prices  it  was  found  that  the  following 
factors  (indicated  in  order  of  importance)  exerted  the  major  portion 
of  the  influence:  (1)  Expected  receipts  for  the  week;  (2)  price  for  the 
previous  week;  (3)  temperature,  and  (4)  price  for  kosher  veal. 

Measurement  was  made  of  the  influence  of  other  factors  such  as  the 
following:  (1)  Purchasing-power  index  in  New  York  City;  (2)  prices 
of  kosher  lamb  and  beef;  (3)  seasonal  variation,  both  in  prices  and 
voliune,  of  live  poultry.  These  were  found  to  have  but  little  influence 
and  were  thus  omitted  in  the  final  computations.  Still  other  factors, 
such  as  dressed  poultry,  storage  holdings,  and  the  hke,  were  considered 
and  were  omitted  for  the  same  reason. 

The  important  Jewish  holidays,  both  in  the  spring  and  in  the  fall, 
cause  an  additional  demand  of  from  15  to  50  per  cent  above  the  average 
of  the  previous  two  weeks. 

The  average  of  the  Wednesday  and  Thursday  prices  was  found  to 
be  the  best  representation  of  the  daily  price  during  the  week. 

The  expected  receipts  for  the  week  (including  the  carry-over  from 
the  previous  week)  was  taken  as  the  weekly  supply.  This  figure  is 
reported  each  Tuesday  morning.  The  biased  error  of  this  report  was 
found  to  be  an  average  of  27  carloads  per  week  below  the  actual 
supply. 

Fowl  is  the  most  important  class  of  poultry  dealt  in,  and  it  is  the 
only  one  upon  which  a  price  is  quoted  every  week. 

Considerable  deviation  from  a  strict  commission  business  among 
receivers  exists.  Outright  purchases  and  purchases  on  ''joint  ac- 
count" of  shipper  and  receiver  are  common,  especially  among  certain 
receivers  and  the  practice  engaged  in  by  some  receivers  of  guarantee- 
ing the  shipper,  a  definite  price  several  days  or  a  week  in  advance  is 
not  uncommon.  These  diverse  practices  may  give  the  receiver  a 
personal  interest  in  the  quotation  distinct  from  the  commission  he 
will  receive  on  the  basis  of  the  quotation  and  may  cause  him  to  take 
a  position  on  the  market  at  variance  with  his  proper  function  as 
representative  of  the  shipper.  Receivers  should  either  operate 
exclusively  on  a  commission  basis  or  exclusively  on  an  outright-pur- 
chase basis.     At  present  a  few  operate  exclusively  as  commission  men. 

The  alleged  pecuniary  relationship  which  is  said  to  exist  between 
certain  receivers  (who  are  supposed  to  be  on  a  commission  basis)  and 
slaughterhouse  operators  may  also  distort  the  quotations  whenever 
such  combined  interests  are  strong  enough  and  the  inclination  exists 
to  influence  prices  in  accordance  with  their  interests. 

The  price  of  five  poultry  should  be  estabhshed  before  physical 
possession  of  the  goods  is  transferred  from  conmiission  merchant  to 
buyer.  The  market  quotation  should  relate  to  the  different  grades 
of  the  various  classes  of  poultry  and  should  represent  actual  transac- 
tions that  have  been  previously  consummated. 

Concentration  of  receipts  at  a  single  terminal  will  bring  about 
many  economies  in  terminal  costs,  such  as  the  reduction  in  the  num- 
ber of  salesmen,  and  cartage,  coop,  and  unloading  costs.  It  would 
enable  the  commission  merchants  to  assume  their  proper  function — 
that  of  giving  personal  supervision  to  the  entire  operation.  Inac- 
curacies in  weighing  the  poultry  as  it  is  unloaded  from  the  car  and  the 
pilfering  which  is  now  said  to  prevail  in  the  scattered  terminals  could 
be  eliminated  in  a  well-organized  and  properly  supervised  union 
terminal. 
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A  live-poultry  exchange  in  close  juxtaposition  to  a  union  terminal 
which  will  enable  buyers  first  to  inspect  the  goods  and  then  to  bid 
for  the  quantity  and  quahty  of  goods  desired,  would  place  the  indus- 
try on  a  sounder  basis.  The  price  w^ould  thus  be  established  before 
the  buyer  took  possession  of  the  goods,  and  the  transactions  could 
be  reported  every  trading  day. 

The  financial  responsibility  of  the  shippers  should  cease,  in  connec- 
tion with  marketing  costs,  when  the  poultry  has  been  delivered  and 
weighed  out  to  the  buyer  at  the  terminal.  This  would  serve  as  a 
stimulus  for  the  dealers  in  New  York  City  (receivers  and  slaughter- 
house men)  to  reduce  terminal  costs  by  effecting  economies  wherever 
practicable.  Under  present  conditions  the  terminal  costs  are  paid  by 
the  shipper,  who  is  a  long  distance  away  and  who  is  not  in  a  position 
to  make  an  effective  protest  if,  in  his  opinion,  terminal  costs  are  out  of 
line  with  the  services  rendered.  A  modification  of  the  present  system 
in  line  with  this  suggestion  would  probably  be  reflected  in  the  whole- 
sale price  of  live  poultry  and  in  the  rate  of  commission  of  the  receiver. 
But  with  a  union  terminal  and  an  exchange  in  close  proximity  to  it, 
upon  which  goods  are  freely  bought  and  sold  on  the  basis  of  quality, 
wholesale  prices  would  consistently  reflect  supply  and  demand  con- 
ditions, and  competition  among  receivers  would  tend  to  establish  the 
rate  of  commission  upon  a  fair  basis. 

To  test  the  measurements  which  exerted  the  greatest  influence  on 
price  during  the  two  survey  years,  they  were  applied  to  the  year  1927. 
The  results  show  that  the  average  error  of  estimate  of  1927  was  about 
2  cents  per  pound,  which  was  only  slightly  more  than  the  average 
error  of  estimate  during  the  two  survey  yeai-s  This  seems  to  indicate 
that  the  same  set  of  forces  which  caused  price  variations  during  the 
two  survey  years  tend  to  operate  every  year.  The  additional  statist- 
ical information  on  live-poultry  receipts  in  New  York  City  by  classes, 
which  is  now  being  received  through  the  market  news  service  of  the 
Bureau  of  Agricultural  Economics  will  furnish  a  still  sounder  basis  for 
estimating  the  probable  price  of  live  poultry  at  least  a  week  in  advance. 
As  a  ''rough  and  ready"  guide  to  the  trade,  two  indicators  of  prob- 
able prices,  a  week  in  advance,  are  readily  available.  These  are  the 
prices  for  the  previous  week  and  the  report  of  expected  receipts  for  the 
current  week,  both  of  which  are  available  before  much  trading  in  the 
current  week  is  done. 

TABLES 


Table  14.- 

-Car 

-lot  freight 

recei 

yls  oj  live  'poultry  a 
1900-1927 

New  York  market  hy  monthfi, 

Month 

1900 

1901 

1902 

1903 

1904 

1905 

1906 

1907 

1908 

1909 

1910 

1911 

1912 

1913 

January '... 

February 

March 

April 

Cars 
187 
157 
150 
180 
159 
143 
153 
177 
233 
250 
192 
219 

Cars 
180 
119 
150 
159 
154 
127 
171 
147 
227 
218 
202 
193 

Cars 
159 
123 
123 
223 
110 
171 
158 
160 
224 
216 
176 
167 

Cars 
138 
115 
146 
194 
135 
162 
131 
154 
240 
203 
158 
179 

Cars 
125 
140 
181 
153 
131 
149 
127 
172 

fi 

174 

151 

Cars 
130 
105 
142 
201 
135 
150 
146 
178 
196 
271 
213 
206 

Cars 
210 
192 
200 
254 
254 
218 
237 
240 
298 
293 
213 
260 

Cars 
258 
193 
185 
254 
184 
197 
258 
232 
370 
300 
295 
329 

Cars 
283 
220 
272 
272 
162 
222 
211 
217 
287 
271 
280 
266 

Cars 
207 
178 
259 
260 
176 
215 
207 
203 
291 
233 
271 
255 

Cars 
210 
175 
237 
233 
211 
237 
225 
342 
384 
493 
402 
339 

Cars 
322 
270 
347 
337 
373 
352 
359 
447 
555 
519 
530 
464 

Cars 
455 
380 
412 
442 
408 
405 
466 
441 
540 
512 
520 
626 

Cars 
432 
394 
384 
509 

May 

330 

June.-- 

401 

July 

469 

August 

September 

October 

November 

December 

472 
594 
625 
572 
624 

Total 

Mcmthly  av. 

2,200 
183 

2,047 
171 

2,010 
168 

1, 955 
163 

1,911 
159 

2,073 
173 

2,869 
239 

3, 055 
256 

2,96.3 
247 

2,755 
230 

3,488 
291 

4,875 
406 

5,607 
467 

5,806 
484 
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Table   14. — Car-lot  freight  receipts  of  live  poultry  at  New  York  market  by  months, 

1900-1927— Continued 


Month 

1914 

1915 

1916 

1917 

1918 

1919 

1920 

1921 

1922 

1923 

1924 

1925 

1926 

1927 

January 

February 

March 

April 

Cars 
477 
382 
443 
517 
424 
460 
492 
504 

^ 

-T70 
748 

Cars 

517 
474 
584 
548 
444 
512 
501 
546 
735 
646 
738 
689 

Cars 
505 
512 
553 
624 
499 
526 
518 
fi38 
586 
677 
629 
604 

Cars 
539 
395 
425 
530 
479 
436 
005 
501 
576 
537 
566 
575 

Cars 
349 
306 
70 
43 
394 
425 
481 
603 
747 
725 
824 
833 

Ckirs 
629 
514 
592 
688 
524 
570 
652 
687 
810 
859 
777 
883 

Cars 
604 

556 
701 
477 
571 
640 
638 
718 
984 
780 
863 
922 

Cars 

722 

679 

792 

807 

737 

873 

815 

972 

1,091 

1,107 

1,072 

1,063 

Cars 
889 
829 

953 

896 

832 

821 

995 

1,136 

1,057 

1,210 

1,169 

Cars 

1,069 

844 

998 

874 

951 

849 

904 

1,038 

1,227 

1,017 

1,094 

1,207 

Cars 

1,036 

892 

935 

1,097 

898 

863 

955 

908 

1,084 

1,305 

1,071 

633 

Cars 

441 

618 

744 

920 

793 

814 

911 

874 

1,205 

1,024 

1,063 

1,091 

Cars 

770 

810 

1,009 

877 

803 

905 

848 

954 

1,163 

1,032 

1,139 

1,187 

Cars 
762 
825 
988 

1,019 

May 

911 

Jupe 

1,017 
868 

July 

August 

September 

October 

November 

December^  .. 

1,063 
1,195 
1,139 
1,168 
1,151 

Total 

Monthly  av. 

6,537 

6,834 
570 

6,871 
573 

6,06i 
505 

5,800 
483 

8,185 
682 

8,454 
705 

10,730 
894 

11,672 
973 

12, 072 
1,006 

11,  677 
973 

10, 498 
875 

11, 497 
958 

12,106 
1,009 

Table  15. — Distribution  of  live  poultry  receipts  at  New  York  City  by  class,  and  by 
weeks,  1923-2 A  and  1925-26 


Week 
ended 

Fowl 

Broilers 

Chickens 

Tur- 
keys 

Col- 

Leg- 

Col- 

Leg. 

Col- 

Leg- 

Cocks 

Ducks 

Geese 

Culls 

Stags 

Ca- 
pons 

ored 

horn 

ored 

horn 

ored 

horn 

1923 

P.d. 

P.ct. 

P.ct.> 

P.ct. 

P.ct. 

P.d. 

P.ct. 

P.d. 

P.d. 

P.d. 

P.d. 

P.d. 

P.d. 

Nov.  3 

46.57 

4.07 

0.24 

0.05 

42.80 

0.36 

2.48 

2.78 

0.56 

0.07 

0.02 

10 

46.82 

5.38 

.21 

.20 

40.31 

.50 

2.34 

2.84 

1.10 

.23 

.07 

17 

45.01 
43.34 

6.48 
4.37 

.25 
.31 

.02 
.01 

38.65 
3L68 

.27 
.34 

2.62 
2.25 

3.53 
5.50 

2.61 
7.97 

.34 
3.99 

.22 
.21 

24 

0.03 

Dec.    1 

38.64 
42.55 

2.09 
2.97 

.58 
.49 

.01 
.01 

29.54 
40.35 

.19 
.16 

2.40 
2.47 

6.94 
4.83 

8.20 
5.60 

1L12 
.50 

.29 
.06 

8 

0.01 

15 

46.65 

2.70 

.83 

36.65 

.46 

2.48 

3.92 

5.79 

.46 

.05 

.01 

22 

47.25 

2.26 

1.00 

32.10 

.16 

1.89 

3.39 

7.42 

4.41 

.11 

.01 

29 

50.94 

2.20 

.60 

.01 

32.03 

.15 

2.13 

3.74 

5.65 

2.37 

.12 

.06 

1924 

Jan.     5 

57.00 

2.01 

.75 

27.49 

.38 

2.36 

3.15 

5.66 

.94 

.15 

.02 

.09 

12 

63.96 

2.45 

.45 

22.55 

.36 

2.23 

2.16 

6.04 

.42 

.13 

.25 

19 

64.36 

L69 

.52 

24.60 

.26 

1.94 

1.95 

3.74 

.27 

.26 

.41 

26 

72.32 

L57 

.44 

17.81 

.23 

1.76 

1.94 

2.80 

.20 

.15 

.78 

Feb.    2 

78.18 

1.42 

.39 

14.48 

.38 

1.77 

1.20 

L53 

.14 

.13 

.38 

9 

79.50 

1.31 

.38 

12.26 

.41 

2.23 

1.11 

L74 

.30 

.15 

.05 

.56 

16 

81.56 

L19 

.25 

11.20 

.24 

2.05 

.90 

L84 

.30 

.09 

.07 

.31 

23 

83.15 

.65 

.35 

9.96 

.19 

2.07 

.99 

L32 

.60 

.12 

.04 

.56 

Mar.  1 

85.96 

.22 

.35 

8.22 

.14 

2.02 

1.26 

.78 

.41 

.06 

.05 

.53 

8 

87.02 

.69 

.37 

6.85 

.21 

2.29 

L28 

.50 

25. 

.08 

.46 

15 

89.23 

.16 

.40 

6.64 

.19 

1.95 

L27 

.44 

.27 

.13 

.07 

.35 

22 

90.82 

.06 

.57 

.02 

4.14 

.14 

1.68 

1.60 

.28 

.14 

.08 

.19 

.28 

29 

90.98 

.09 

.78 

3.78 

.18 

.    1.85 

1.38 

.34 

.14 

.12 

.22 

.14 

Apr.    5 

91.14 

.37 

.56 

.01 

2.99 

.16 

2.57 

1.45 

.27 

.14 

.13 

.10 

.11 

12 

90.78 

L17 

.60 

.02 

3.31 

.11 

L92 

1.28 

.36 

.14 

.10 

.08 

.14 

19 

88.99 

.93 

.84 

.03 

3.07 

.10 

2.16 

2.99 

.24 

.20 

.13 

.22 

.10 

26 

90.18 

.37 

.85 

.04 

1.25 

.04 

2.12 

3.31 

.30 

.21 

.13 

L02 

.18 

May   3 

90.08 

.20 

1.40 

.  11 

.64 

.18 

3.05 

1.88 

.19 

.14 

.06 

L5.5 

.52 

10 

88.45 

.50 

2.00 

.10 

1.19 

.14 

3.11 

1.63 

.17 

.  14 

.12 

2.17 

.28 

17 

87.80 

.20 

3.02 

.32 

.13 

.06 

5.20 

1.72 

.15 

.10 

.12 

.94 

.24 

24 

86.48 

.25 

2.85 

.40 

.38 

.18 

6.00 

2.10 

.18 

.10 

.08 

.40 

.60 

31 

85.02 

.16 

4.54 

.68 

.76 

.17 

5.61 

2.25 

.19 

.13 

.07 

.26 

.16 

June   7 

8L99 

.74 

5.91 

.97 

L33 

.17 

4.69 

3.37 

.15 

.10 

.11 

.09 

.38 

14 

81.62 

.39 

6.96 

L05 

2.06 

.35 

4.35 

2.75 

.21 

.09 

.12 

.02 

.03 

21 

78.06 

.66 

8.48 

1.75 

2.93 

.54 

5.09 

2.16 

.12 

.08 

.08 

.04 

.01 

28 

76.04 

L58 

9.49 

L98 

3.22 

.56 

5.08 

1.70 

.15 

.07 

.05 

.03 

.05 

July    5 

72.73 

.50 

10.91 

1.35 

4.81 

L31 

5.12 

2.94 

.11 

.10 

.08 

.04 

12 

73.36 

.69 

10.04 

1.52 

6.04 

.99 

4.95 

2.05 

.16 

.10 

.09 

.01 

19 

70.63 

.76 

11.80 

1.68 

7.94 

1.65 

3.65 

L61 

.10 

.06 

.07 

.05 

26 

67.50 

1.55 

13.24 

1.89 

9.17 

1.51 

3.20 

1.78 

.06 

.03 

.07 

Aug.    2 

63.25 

L70 

14.81 

1.64 

11.63 

L49 

3.50 

L81 

.08 

.02 

.07 

9 

57.79 

2.16 

17.86 

L67 

12.93 

L26 

3.94 

LOO 

.09 

.03 

.10 

.27 

16 

57.30 
59.23 

L70 
3.08 

17.02 
15.70 

L06 
.96 

16.09 
14.79 

1.52 
1.04 

3.35 
3.32 

1.67 
L66 

.13 

.06 

.03 
.06 

.13 
.10 

23 

30 

52.27 

4.68 

12.93 

L39 

22.08 

1.34 

3.30 

L76 

.11 

.02 

.11 

.01 

62 
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Table  15. — Distribution  of  live  poultry  receipts  at  New  York  City  by  class,  and  by 
weeks,  192S-2A  and  1925-26— Contmwed 


Week 
ended 

Fowl 

Broilers 

Chickens 

Tur- 
keys 

Ca- 
pons 

Col- 

Leg- 

Col- 

Leg- 

Col- 

Leg- 

Cocks 

Ducks 

Geese 

Culls 

Stags 

ored 

horn 

ored 

horn 

ored 

horn 

1924 

P.d. 

P.d. 

P.d. 

P.d. 

P.d. 

P.d. 

P.d. 

P.d. 

P.d. 

P.d. 

P.d. 

P.d. 

P.d. 

Sept.  6 

43.71 

3.42 

24.11 

1.24 

21.77 

1.00 

3.03 

1.46 

0.10 

0.04 

0.10 

0.02 

13 

48.64 
48.49 

4.52 
5.48 

10.65 
9.92 

.34 

.28 

28.26 
29.13 

2.14 
1.52 

2.91 
2.97 

2.20 
1.91 

.15 
.17 

.02 
.02 

.17 
.11 

20 

S..S". 

27 

48.92 

5.79 

5.97 

.21 

30.03 

1.76 

2.51 

4.42 

.17 

.03 

.19 

Oct.     4 

47.35 

5.73 

4.35 

.15 

34.84 

1.44 

2.75 

2.58 

.50 

.05 

.26 

11 

48.81 

4.93 

2.93 

.13 

34.23 

1.19 

2.04 

5.12 

.32 

.06 

.22 

"".'02 

18 

45.46 

6.52 

4.68 

.12 

33.99 

1.40 

2.04 

4.79 

.57 

.19 

.23 

.01 

25 

51.50 

5.32 

4.13 

.16 

32.76 

1.11 

2.05 

2.18 

.44 

.09 

.22 

"o.'oi" 

.03 

31 

50.09 

5.88 

2.34 

.23 

34.93 

.98 

1.69 

2.50 

.87 

.22 

.23 

.04 

1925 

May   2 

85.39 

.35 

3.22 

.13 

4.44 

.09 

2.83 

.47 

.28 

.23 

.36 

2.06 

.15 

9 

88.46 

.33 

2.86 

.30 

1.21 

.11 

3.18 

1.06 

.20 

.19 

.23 

1.60 

.27 

16 

86.17 

.11 

4.41 

.38 

.94 

.02 

4.23 

1.65 

.17 

.16 

.17 

L54 

.05 

23 

84.59 

.53 

5.43 

.82 

1.30 

.18 

4.38 

1.52 

.12 

.13 

.18 

.80 

.02 

•        30 

81.73 

.18 

6.42 

1.15 

1.78 

.19 

5.01 

2.73 

.18 

.14 

.25 

.21 

.03 

June   6 

79.64 

.21 

8.00 

1.11 

4.41 

.71 

3.54 

1.79 

.18 

.11 

.16 

.13 

.01 

13 

74.50 

.26 

12.04 

2.82 

3.80 

.64 

3.78 

1.50 

.21 

.08 

.20 

.15 

.02 

20 

70.17 

.14 

12.20 

2.77 

5.39 

.82 

6.47 

1.46 

.19 

.16 

.17 

.04 

.02 

27 

68.56 

1.26 

13.94 

3.46 

5.63 

1.17 

4.18 

1.34 

.16 

.08 

.21 

.01 

July    4 

63.67 

1.81 

13.97 

3.12 

9.73 

.79 

4.16 

2.27 

.10 

.12 

.25 

.01 

11 

63.06 

2.39 

13.82 

3.16 

10.98 

1.42 

3.63 

1.28 

.10 

.09 

.17 

18 

58.69 

2.70 

15.91 

2.57 

12.18 

1.95 

4.02 

1.58 

.12 

.04 

.24 

25 

52.97 
55.90 

2.64 
3.20 

16.61 
18.13 

3.32 
2.86 

16.78 
12.61 

1.76 
1.32 

3.82 
3.89 

1.70 
1.80 

.17 
.09 

.04 
.04 

.19 
.16 

Aug.   1 

8 

52.23 

4.88 

14.46 

2.58 

16.33 

2.09 

4.92 

1.60 

.12 

.54 

.23 

'"".'62 

15 

51.02 

4.61 

9.43 

1.88 

24.16 

2.46 

3.76 

2.22 

.  12 

.05 

.27 

.02 

22 

44.03 

4.88 

12.60 

1.37 

29.01 

3.33 

3.04 

1.35 

.09 

.05 

.25 

29 

41.18 

4.06 

18.43 

2.36 

26.57 

2.82 

2.56 

1.61 

.09 

.07 

.25 

Sept.   5 

41.76 

4.38 

8.43 

1.51 

35.96 

3.27 

2.76 

1.48 

.13 

.04 

.27 

""."oi 

12 

41.82 

5.18 

7.36 

1.38 

36.16 

3.09 

2.68 

1.82 

.15 

.05 

.30 

.01 

19 

40.62 

4.93 

4.74 

.45 

37.75 

3.82 

2.35 

4.58 

.18 

.15 

.41 

.02 

26 

39.21 

6.53 

3.78 

.45 

41.00 

3.72 

2.50 

2.15 

.19 

.04 

.40 

.03 

Oct.     3 

40.87 

5.38 

1.32 

.11 

42.26 

2.30 

2.07 

4.91 

.30 

.05 

.38 

.05 

10 

39.35 

6.10 

.73 

.02 

41.27 

3.49 

2.02 

4.58 

1.85 

.09 

.49 

.01 

17 

42.03 

6.06 

.53 

.08 

42.44 

3.20 

1.70 

2.85 

.39 

.06 

.58 

.08 

24 

44.58 

5.49 

.28 

.05 

40.44 

2.69 

2.07 

2.79 

.70 

.11 

.75 

.05 

31 

45.45 

6.61 

.86 

.04 

37.71 

2.67 

2.08 

2.68 

1.11 

.11 

.63 

.05 

Nov.   7 

45.21 

6.34 

1.04 

.03 

37.61 

2.97 

1.89 

2.44 

1.40 

.25 

.60 

"■."63' 

.19 

14 

41.74 

6.15 

1.47 

38.73 

2.85 

1.90 

2.73 

2.75 

.61 

.80 

.02 

.25 

21  ;  44. 13 

5.41 

1.12 

'".'02' 

25.64 

2.34 

1.79 

3.74 

12.00 

3.09 

.65 

.03 

.04 

28 

36.44 

4.66 

.76 

25.24 

1.70 

1.43 

4.76 

11.22 

13.21 

.49 

.01 

.08 

Dec.    5 

48.19 

4.19 

1.10 

30.14 

2.50 

1.74 

4.66 

6.63 

.51 

.27 

.07 

12 

50.55 

4.48 

1.41 

26.49 

2.43 

1.92 

3.14 

8.71 

.25 

.59 

.03 

19 

58.11 

4.38 

1.31 

18.20 

1.70 

1.69 

2.84 

10.41 

.84 

.42 

'".'01" 

.09 

26 

56.24 

4.37 

1.16 

19.66 

1.56 

1.78 

2.45 

7.56 

4.63 

.44 

.02 

.13 

1926 

Jan.     2 

63.97 

4.60 

1.88 

17.24 

1.50 

1.57 

1.89 

6.31 

.44 

.45 

.03 

.12 

9 

64.  58 

3.04 

1.91 

19.12 

.93 

2.44 

2.24 

4.45 

.32 

.48 

.49 

16 

73.65 

4.25 

1.35 

13.88 

.86 

1.71 

1.45 

1.74 

.21 

.43 

'".'02' 

.45 

23 

77.19 

5.17 

1.17 

10.42 

.83 

1.49 

1.34 

1.32 

.12 

.32 

.09 

.54 

30 

79.73 

4.05 

1.10 

"'".'5i" 

9.68 

.66 

1.84 

1.19 

.89 

.13 

.50 

.04 

.18 

Peb.    6 

81.32 

2.92 

1.42 

.05 

8.91 

.27 

1.99 

1.11 

1.20 

.13 

.29 

.06 

.33 

13 

85.48 

2.45 

1.17 

6.57 

.25 

1.75 

.95 

.63 

.13 

.21 

.15 

.26 

20 

86.33 

2.42 

.91 

6.09 

.26 

1.65 

1.06 

.59 

.19 

.24 

.01 

.25 

27 

86.08 

1.60 

1.02 

5.77 

.18 

1.76 

1.48 

.74 

.22 

.28 

.04 

.83 

Mar.  6 

87.73 

.34 

1.22 

5.75 

.22 

1.71 

1.24 

.69 

.26 

.18 

.38 

.28 

13 

88.97 

.27 

1.05 

4.22 

.23 

1.88 

1.11 

.61 

.18 

.26 

.95 

.27 

20 

91.40 

.42 

1.02 

2.05 

.08 

1.93 

.85 

.39 

.13 

.18 

.    1.34 

.21 

27 

89.86 

1.58 

1.13 

1.59 

.10 

1.79 

.98 

.37 

.12 

.23 

2.15 

.10 

AT)r.    3 

89.94 

.70 

1.83 

.72 

.05 

2.32 

1.44 

.36 

.17 

.39 

1.99 

.09 

10 

90.27 

.81 

2.75 

"".'oi' 

.64 

.11 

2.13 

.84 

.30 

.08 

.23 

1.73 

.10 

17 

90.79 

.10 

2.93 

.03 

.41 

.08 

2.08 

.93 

.33 

.10 

.17 

2.01 

.04 

24 

88.58 

.72 

3.31 

.47 

.26 

.07 

2.36 

1.01 

.24 

.13 

.19 

2.22 

.44 

30 

88.22 

.66 

4.22 

.44 

.33 

.17 

2.93 

.67 

.17 

.16 

.15 

1.64 

.24 
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Table  16. — Distribution  of  weekly  receipts  of  live  poultry  at  New  York  City,  by 

classes,  1927 


Week  ended 

Fowl 

Broil- 
ers 

Chick- 
ens 

Cocks 

Ducks 

Geese 

Tur- 
keys 

Pul- 
lets 

Stags 

Ca- 
pons 

1927 
Feb.  5    - 

Per  cent 
83.3 
85.0 
84.0 
83.5 
86.9 
88.7 
91.4 
91.8 
91.9 
91.5 
87.8 
89.1 
85.7 
85.8 
86.3 
84.1 
77.0 
74.9 
71.3 
75.2 
72.4 
62.2 
60.1 
57.9 
53.6 
51.6 
52.4 
48.2 
46.0 
50.2 
49.7 
44.0 
48.9 
46.8 
49.5 
47.0 
50.3 
46.5 
52.7 
55.9 
56.0 
45.4 
45.8 
56.4 
62.6 
62.6 
61.6 
65.4 

Per  cent 

a:.o 

.2 

.8 

... 

1.3 

1.4 

4.8 

3.5 

7.0 

8.8 

7.6 

9.2 

13.0 

17.9 

23.2 

20.2 

22.0 

30.7 

29.5 

30.8 

29.8 

23.4 

19.0 

15.4 

4.3 

1.5 

.6 

.3 

:'2 

.3 
.2 

■■\ 

.3 
.3 

.3" 

.5 
.6 
.6 
.9 

Per  cent 

11.9 

11.4 

10.8 

8.8 

6.7 

5.0 

2.6 

2.8 

1.8 

1.2 

.8 

.6 

.4 

.5 

.8 

.8 

3.7 

1.2 

1.2 

1.5 

2.8 

2.5 

5.8 

7.0 

12.6 

21.0 

24.8 

32.4 

46.2 

44.7 

46.2 

51.0 

47.4 

49.0 

47.2 

49.3 

45.7 

49.7 

42.8 

39.7 

39.3 

30.8 

22.8 

27.0 

22.4 

20.6 

17.6 

19.8 

Per  cent 
1.7 
1.6 
2.0 
3.2 
2.6 
2.2 
2.2 
1.8 
1.8 
2.2 
3.0 
3.3 
4.5 
3.8 
4.0 
4.8 
5.4 
5.2 
4.0 
2.6 
2.3 
3.7 
3.6 
3.3 
3.2 
2.6 
2.2 
2.4 
2.5 
2.6 
2.3 
2.7 
1.9 
2.0 
1.8 
1.7 
1.5 
1.9 
1.8 
1.4 
1.8 
1.5 
1.8 
1.3 
1.8 
1.6 
1.2 
1.0 

Per  cerU 
0.05 

.5 

.6 

.5 

.6 

.6 

.5 

.7 

.6 

.6 

.5 

.3 

.4 

.4 

.4 

.3 

.1 

.2 

.2 

.3 

.4 

.4 

.4 
1.4 

.8 

.8 

.6 

.7 

.6 
1.6 
1.2 
2.0 
1.1 
1.3 
1.4 
1.3 
1.4 
1.5 
1.8 
3.0 
7.2 
3.8 
2.6 
2.4 
2.8 
2.2 

Per  cent 
0.8 
1.0 
.6 
.7 
.5 
.5 
.6 
.6 
.7 
.5 
.6 
.6 
.5 
.3 
.4 
.4 
.3 
.3 
.1 
.2 
.2 
.3 
.4 
.6 
.4 

Per  cent 
0.05 

Percent 

Per  cent 

Per  cent 
1.2 

Feb.  12 

6 

Feb.  19 

.3 
.3 
.4 
.2 

1.2 

Feb.  26 

0.4 
.5 
1.1 
1.6 
1.2 
1.2 
1.8 
1.8 
2.3 
1.0 
.5 
.3 
.1 

1.8 

Mar  5 

1  8 

Mar.  12 

1.8 

Mar.  19 

1.0 

Mar.  26 

1.0 

Apr.  2  .- 

.1 
.1 

.7 

Apr.  9 

G 

Apr.  16 

.6 

Apr.  23 

Apr.  30 

.4 

May  7  . . . 

May  14 

.2 
.2 
.2 
.2 
.1 
.1 
.1 
.3 
.2 

May  21 

May  28 

June  4— 

June  11 

June  18 

June  25. 

July  2 . 

July  9 

July  16 

Tuly23.. 

July  30. 

Aug.  6 

.8 

.8 

.4 

.3 

.6 

.4 

.5 

.1 

.2 

.4 

.9 

.4 

.5 

.7 

.7 

4.5 

9.2 

5.0 

3.4 

4.2 

4.4 

3.8 

Aug.  13 

Aug.  20 

Aug.  27 

Sept.  3. 

Sept.  10 

Sept.  17 

0.1 
.1 

Sept.  24 

Oct.  1 

Oct.  8 

Oct.  15 

Oct.  22 

.1 
.1 
........ 

13.2 
10.8 
2.4 
.1 
.6 
5.3 
1.0 

Oct.  29. 

.4 
.6 

Nov.  5 

Nov.  12 

Nov.  19 

1.3 
2.4 
3.8 
6.6 
7.0 
5.6 
5.0 

Nov.  26.- 

Dec.  3 

Dec.  10- 

Dec.  17 

.4 

Dec.  24 

.9 

Dec.  31... 

.9 

Note.— This  is  the  classification  adopted  by  the  market-news  service  which  went  into  effect  February, 
1927. 


Table  17. — Percentages  of  the  several  classes  of  live  poultry  received  at  New  York 
City,  by  months,  1923-24,  1925-26  and  1927 


Month 

Fowl 

Broilers 

Chick- 
ens 

Stags 

Cocks 

Ducks 

Geese 

Tur- 
keys 

Culls 

1923 
November... 

Per  cent 
6.06 
5.72 

7.96 
9.81 
10.68 
10.92 
10.54 
9.63 
8.63 
l.TJ 
6.26 
6.52 

Per  cent 
0.51 
1.14 

.86 

.54 

.78 

L18 

4.93 

14.62 

20.98 

27.23 

21.09 

6.14 

Per  cent 
18.41 
16.33 

11.13 

5.88 

2.79 

1.31 

.31 

L33 

3.97 

8.00 

13.73 

16.81 

Percent 

'"6."  87' 
40.57 
52.56 

Per  cent 
6.91 
6.49 

5.91 
5.80 
5.60 
6.26 
13.12 
13.71 
12.09 
9.94 
8.14 
6.03 

Per  cent 
n.82 
16.77 

14.81 
6.13 
3.67 
5.46 
3.23 
3.02 
3.21 
6.32 
11.49 
14.07 

Per  cent 
U.13 
25.96 

24.82 

13.81 

5.28 

5.73 

2.81 

.90 

.46 

LOl 

2.13 

5.96 

Per  cent 
19.76 
18.06 

13.03 
8.40 
10.09 
13.87 
7.13 
2.93 
1.70 
.42 
.83 
3.78 

Per  cent 
3.63 

December... 

3.69 

1924 
January _. 

13.44 

February. 

3.60 

March... 

5.19 

April 

10.89 

May... 

3.63 

June 

7.23 

July.. 

3.66 

August..  . 

6.72 

September 

14.53 

October... 

23.79 

Total 

100.00 

100.00 

100.00 

100.00 

100.00 

100.00 

100.00 

100.00 

100.00 
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Table   17. — Percentages  of  the  several  classes  of  live  poultry  received  at  New  York 
City,  by  months,  1923-24,  1925-26  and  1927 — Continued 


Month 

Fowl 

Broilers 

Chick- 
ens 

Stags 

Cocks 

Ducks 

Geese 

Tur- 
keys 

Culls 

1925 
May 

Per  cent 
10.46 
9.01 
7.58 
6.51 
5.64 
6.92 
5.81 
7.05 

9.30 
10.66 
11.03 
11.03 

Per  cent 

7.06 

19.79 

25.47 

23.  65 

9.87 

1.12 

1.56 

1.74 

2.08 
1.60 
1.56 
4.50 

Per  cent 
0.95 
2.60 
6.41 
11.14 
19.00 
20.16 
15.81 
11.84 

6.93 

3.26 

1.64 

.26 

Per  cent 

16.13 

.64 

"39.' 67" 
43.56 

Per  cent 
12.33 
14. 12 
12.20 
11.42 
8.09 
6.26 
5.50 
5.60 

6.69 
5.64 
5.73 
7.42 

Per  cent 
4.13 
4.66 
4.54 
5.79 
11.80 
12.29 
17.76 
18.89 

7.24 
1.03 
6.91 
5.06 

Per  cent 
2.70 
1.96 
1.65 
1.05 
3.01 
5.70 
22.66 
29.28 

12.63 
2.40 

11.41 
5.66 

Per  cent 
5.40 
2.25 
1.36 
2.25 
2.25 
7.21 
27.05 
19.82 

7.20 
1.36 
15.31 
8.54 

Per  cent 

4.77 

June 

1.51 

July 

1.70 

August 

3.40 

September 

9.40 

October  ... 

17.51 

November 

22.80 

December _. 

13.64 

1926 
January 

9.18 

February 

2.60 

March 

9.23 

AFril— 

4.26 

Total 

100.00 

100.00 

100.00 

100.00 

100.00 

100.00 

100.00 

100.00 

100.00 

1927 
January 

9.31 
10.28 
11.20 
10.85 
10.23 
8.90 
6.87 
6.20 
5.89 
6.25 
6.29 
7.73 

,66 

.66 

.79 

5.94 

14.51 

27.71 

36.94 

11.21 

.13 

.13 

.53 

.79 

7.46 

4.15 

1.66 

.50 

.30 

.87 

4.89 

15.  67 

20.72 

19.07 

13.85 

10.86 

"12."  12" 

30.30 

64.55 

3.03 

5.69 
6.99 
5.24 
12.24 
16.08 
14.34 
12.59 
8.39 
3.50 
5.69 
4.90 
4.65 

7.58 

7.58 

3.03 

2.27 

2.27 

1.52 

6.81 

4.64 

7.68 

10.60 

26.52 

19.70 

8.70 
8.70 
2.61 
1.74 
1.74 
3.48 

1.08 
2.15 
1.08 
2.15 
1.08 

February 

March 

April. 

May 

June 

July 

August . 

1.74 
.87 

1.74 
34.78 
33.90 

2.16 

September 

October 

November 

67.73 
22.68 

December 

Total 

100.00 

100.00 

100.00 

100.00 

100.00 

100.00 

100.00 

100.00 

Table  18. — Leghorn  fowl;  average  return  to  shipper  per  pound,  by  months,  1925- 

freight  shipments 


Origin 

1925 

1926 

May 

June 

July 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

Jan. 

Feb. 

Mar. 

Apr. 

Cents 

Cents 

Cents 
17.2 

Cents 

Cents 

Cents 

Cents 

Cents 

Cents 

Cents 

Cents 

Cents 

Atlanta,  Qa 

13.0 

11.9 

20.0 

23.3 

Arkansas 

16.8 

Chattanooga,  Tenn 

24.0 
25.0 

26.6 



25.6 

Chicago,  111 

22.9 

20.9 

19.3 
22.5 
18.7 

15.5 

'i4.'9' 
16.8 
15.0 
13.7 

18.1 
16.0 
15.6 

23.3 

Connecticut     

Illinois 

20.7 

20.6 

23.2 

25.1 

26.7 

26.7 

Indiana 

19.5 

20.0 
19.8 

18.8 
18.6 

14.4 
16.4 

20.0 
23.8 

27.4 
19.9 
23.2 
23.8 

Kansas 

19.3 

Kentucky 

25.0 
24.4 

Missouri 

19.8 

18.9 

19.1 

17.6 
15.3 

i4.2 

15.2 

21.1 

24.5 

25.8 

Maryland 

13.2 
13.8 

10.6 
14.9 

16.8 
23.6 
20.8 
18.3 

18.1 
17.6 
19.4 
17.3 

19.4 

22.0 
22.7 
21.9 
23.0 

24.9 

New  York 

21.7 
21.7 

Ohio. 

19.6 
13.0 
17.4 
13.2 
16.9 

16.6 
14.5 

22.1 
22.2 



25.3 

25.3 

Pennsylvania 

South  Dakota 

14.5 

10.2 
12.5 
25.3 

19.3 

21.4 

Wisconsin 
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Table  19. — Leghorn  chickens;  average  return  to  shipper  per  pound,   by  months, 
1925-26,  freight  shipments 


Origin 

1925 

1926 

May 

June 

July 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

Jan. 

Feb. 

Mar. 

Apr. 

Arkansas 

Cents 

Cents 

Cents 

Cents 

Cents 

Cents 

Cents 

Cents 

Cents 

Cents 

Cents 
28.2 

Cents 

Atlanta,  Ga       .-. 

30.1 
28.0 
27.7 
34.0 

12.0 

Chattanooga,  Tenn.. 

Chicago,  111 

25.0 

14.9 
18.5 

28.3 

22.4 

19.8 

21.0 

18.3 

21.6 

22.5 

Georgia                     .-  .  -.. 

Dlinois 

20.0 
20.4 
21.3 

19.5 
20.8 
22.5 

15.8 
15.3 
14.6 

17.9 
18.4 
17.3 

21.7 
20.6 

24.2 
22.7 
23.0 

26.5 

29.6 

Iowa .-- 

28.7 
26.1 

20.5 
22.3 

Kansas 

28.9 

28.9 
24.3 

Kentucky 

30.1 

23.3 

Minnesota 

18.0 
20.6 

19.7 

19.2 
21.1 

19.8 
22.7 
22.7 
19.6 

Missouri 

27.5 

31.4 
28.3 

19.7 
15.4 

14.7 
14.3 

17.0 

17.8 

21.1 
18.6 

21.8 
20.0 

28.6 
19.5 

28.3 

27.9 

New  York 

Ohio 

23.6 
19.4 

20.8 
19.1 

17.1 
13.3 
15.0 

19.5 
18.1 
10.4 
15.1 

20.2 
19.1 

22.0 
22.9 
19.5 

22.5 
.24.8 

27.4 

27.7 

South  Dakota..- 

Wisconsin 

Table  20. 


-Leghorn  broilers:  Average  return  to   shipper   per   pound,   by  months, 
1925-26,  freight  shipments 


Origin 

1925 

1926 

May 

June 

July 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

Jan. 

Feb. 

Mar. 

Apr. 

Arkansas 

Cents 

Cents 
33.4 

Cents 
18.3 

Cents 
19.8 

Cents 

Cents 

Cents 

Cents 

Cents 

Cents 

Cents 

Cents 

Atlanta,  Ga 

29.5 
30.4 
30.3 
30.8 

34.8 

Chattanooga,  Tenn . 

36.0 

Georgia... 

Illinois.. 

29.4 
27.0 

"27."2' 
27.4 

23.0 

22.0 

20.9 
18.9 
20.5 
19.7 
19.5 
21.3 

Iowa 

Kansas... 

29.5 
30.3 

19.9 
20.0 

18.8 

21.3 
20.8 
20.6 

Missouri.. 

25.0 
28.5 

Nebraska. 

21 A 

33.7 

New  York. 

Oklahoma 

29.7 
27.2 

28.4 

33.9 

Texas 

Table  21. — Price  per  pound  of  colored  fowl,  broilers,  and  chickens,  shipped  by 
freight,  by  weeks,  1923-24  and  1925-26 


Week  ended— 

Fowl 

Broilers 

Chick- 
ens 

Week  ended— 

Fowl 

Broilers 

Chick- 
ens 

1923 
Nov.  3 

Cents 
24.1 
21.4 
20.1 
22.8 
28.0 
28.3 
26.9 
22.4 
23.5 

25.5 
26.8 
26.6 
26.9 
25.8 

Cents 
23.9 
26.4 
26.3 
26.3 
30.0 
30.3 
26.3 
32.0 
32.5 

34.5 
34.6 
30.3 
33.8 
35.5 

Cents 
22.2 
20.2 
18.4 
22.7 
25.5 
21.4 
22.1 
20.6 
19.5 

2L7 
23.2 
21.0 
22.7 
23.6 

1924 
Feb.  9 

Cents 
26.6 
26.9 
27.9 
30.1 
28.0 
25.4 
26.1 
27.5 
26.5 
26.7 
28.6 
27.0 
29.3 
30.0 
27.0 
28.5 

Cents 
34.8 
38.6 
40.9 
41.4 
45.7 
47.0 
50.0 
50.0 
53.0 
55.0 
61.0 
56.3 
52.5 
50.2 
44.5 
44.6 

Cents 
24.2 

Nov.  10--. 

Feb.  16 

24.4 

Nov.  17 

Feb  23 

24.6 

Nov.  24 

Mar.  1 

26.3 

Dec.  1  . 

Mar.  8 

27.3 

Dec.  8. 

Mar.  15 

26.1 

Dec.  15 

Mar.  22 

26.7 

Dec.  22 

Mar.  29 

26.5 

Dec.  29. 

Apr.  5.... 

Apr.  12... 

25.3 

26.6 

1924 

Apr.  19 

26.3 

Jan.  5 

Apr.  26 

22.3 

Jan. 12 

May  3-. 

27.0 

Jan. 19 

May  10 

25.6 

Jan.  26 

May  17.- 

30.0 

Feb.  2... 

May  24 

44.0 
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Table  21. — Price  per  pound  of  colored  fowl,  broilers,  and  chickens,  shipped  hy 
freight,  by  weeks,  1923-24  and  1926-26 — Continued 


Week  ended— 


1924 

May  31-. 

June  7 

June  14 

June  21 

June  28 

July  5 

July  12. 

July  19 

July  26 -. 

Aug.  2._- 

Aug.  9 

Aug.  16 

Aug.  23 

Aug.  30-- 

Sept.  6 

Sept.  13 

Sept.  20 

Sept.  27 

Oct.  4 

Oct.  11 

Oct.  18 

Oct.  25 

1925 

May  2 

May9 

May  16 

May  23 

May  30 

June  6 

June  13 

June  20 

June  27 

July  4 

July  11 

July  18 

July  25 

Aug.  1 

Aug.  8-_ 

Aug.  15-- 


Fowl 

Broilers 

Chick- 
ens 

Cents 

Cents 

Cents 

2b  A 

44.2 

38.0 

29.0 

41.9 

40.8 

27.5 

40.0 

43.4 

26.5 

36.5 

35.0 

25.5 

37.7 

38.0 

25.0 

39.0 

37.2 

23.9 

37.5 

38.0 

23.2 

38.4 

37.1 

24.0 

32.9 

33.2 

22.2 

29.7 

28.6 

24.8 

31.9 

27.9 

28.8 

31.6 

32.3  1 

25.7 

30.9 

30.8 

26.9 

28.0 

27.9 

26.6 

26.2 

26.8 

29.4 

28.0 

27.9 

27.8 

25.1 

25.2 

27.8 

24.7 

25.1 

25.9 

24.9 

24.7 

28.9 

27.3 

27.4 

28.2 

25.2 

25.1 

26.9 

'     22.6 

22.8 

30.6 

50.7 

30.1 

48.7 

38.4 

27.9 

45.3 

39.3 

27.6 

46.5 

44.9 

27.1 

42.1 

38.1 

29.0 

41.0 

39.9 

28.7 

44.1 

43.4 

29.6 

39.9 

38.5 

26.8 

40.2 

38.7 

28.0 

35.9 

33.0 

26.0 

30.7 

30.2 

29.1 

34.2 

33.5 

26.8 

30.1 

28.6 

26.2 

30.2 

29.0 

25.0 

29.9 

29.6 

27.4 

28.9 

29.0 

Week  ended- 


1925 

Aug.  22 

Aug.  29 

Sept.  5-.. 

Sept.  12 

Sept.  19 

Sept.  26 

Oct.  3 

Oct.  10 

Oct.  17 

Oct.  24 

Oct.  31.. 

Nov.  7 

Nov.  14 

Nov.  21 

Nov.  28 

Dec.  5 

Dec.  12 

Dec.  19 

Dec.  26— 

1926 

Jan.  2 

Jan.  9..- 

Jan. 16 

Jan.  23.-. 

Jan. 30 

Feb.  6 

Feb.  13 

Feb.  20 

Feb.  27 

Mar.  6.. 

Mar.  13 

Mar.  20 

Mar.  27 

Apr.  3 

Apr.  10 

Apr.  17 

Apr.  24 

Apr.  30 


Fowl 


Cents 
27.6 
31.1 
30.2 
28.9 
31.9 
28.4 
29.1 
28.4 
26.6 
26.4 
28.7 
23.7 
25.1 
28.5 
31.0 
32.8 
32.5 
27.0 
26.9 


35.9 
38.4 
30.2 
30.0 
30.8 
33.2 
31.3 
30.1 
31.3 
34.4 
34.2 
35.0 
31.6 
32.1 
32.0 
35.9 
33.4 
34.4 


Broilers 


Cents 
27.7 
29.7 
28.0 
26.5 
29.5 
27.0 
24.5 
23.5 
25.0 
29.6 
28.6 
25.8 
24.7 
29.8 
32.8 
34.6 
33.8 
32.2 
35.0 


41.1 
42.1 
31.6 
33.3 
35.5 
42..5 
40.7 
41.5 
41.0 
50.0 
50.0 
45.0 
50.0 
49.8 
51.8 
52.1 
45.7 
45.2 


Chick- 
ens 


Cents 
26.3 
29.1 
27.8 
27.3 
30.1 
27.3 
25.0 
23.9 
22.8 
24.9 
25.7 
22.5 
20.0 
27.2 
30.0 
30.9 
27.2 
26.8 
28.0 


32.8 
33.5 
26.0 
28.4 
29.5 
29.4 
29.3 
30.5 
30.9 
32.0 
31.5 
30.8 
32.5 
30.7 
28.6 
31.7 
33.0 
39.0 


Table  22. — Price  per  pound  of  colored  fowl,  broilers,  and  chickens,  shipped  by  freight 

by  weeks,  1927 


Week  ended 


1927 

Jan.  1 

Jan. 8 

Jan. 15 

Jan.  22. 

Jan.  29 

Feb.  5 

Feb. 12 

Feb.  19 

Feb.  26 

Mar.  5 

Mar.  12 

Mar.  19 

Mar.  26 

Apr.  2 

Apr.  9 

Apr.  16. 

Apr.  23 

Apr.  30 

May  7 

May  14 

May  21. 

May  28 

June  4 

June  11 

June  18 

June  25 

July  2 


Fowl 


Cents 
32.5 
35.0 
32.3 
33.0 
33.0 
3L0 
28.0 
30.0 
31.5 
32.0 
29.8 
26.8 
28.0 
30.5 
32.3 
32.3 
30.0 
28.8 
29.3 
26.3 
26.3 
26.5 
26.0 
25.  5 
24.0 
23.0 
25.0 


Broilers 


Cents 
40.0 
40.0 
32.0 
35.0 
35.0 
38.0 
36.5 
38.0 
38.0 
45.0 
45.0 
40.0 
45.0 
45.0 
42.5 
42.5 
42.5 
34.0 
37.5 
40.5 
40.0 
35.5 
3L5 
29.5 
35.3 
31.8 
32.5 


Chick- 
ens 


Cents 
30.0 
30.0 
24.0 
23.0 
27.0 
28.0 
27.0 
26.0 
25.0 
27.0 
26.0 
25.0 
26.0 
26.0 
26.0 
26.0 
25.0 


Week  ended 


1927 

July  9... 

July  16 

July  2.3 

July  30- 

Aug.  6 

Aug.  13 

Aug.  20 

Aug.  27-. 

Sept.  3.- 

Sept.  10- ...... 

Sept.  17 

Sept.  24 

Oct.  1.. 

Oct.  8 

Oct.  15.. 

Oct.  22 

Oct.  29 

Nov.  5 

Nov.  12 

Nov.  19 

Nov.  26 

Dec.  3 

Dec.  10-- 

Dec.  17-. 

Dec.  24 

Dec.  31. 


Fowl 

Broilers 

Cents 

Cents 

29.0 

30.5 

26.0 

27.0 

24.0 

29.5 

22.0 

26.5 

25.0 

26.0 

27.3 

26.0 

25.8 

23.5 

25.3 

25.3 

23.5 

22.5 

27.0 

29.0 

29.0 

23.0 

23.0 

24.0 

23.0 

2L5 

26.0 

27.8 

32.0 

26.3 

32.0 

22.5 

32.0 

22.3 

32.0 

24.5 

32.0 

24.3 

32.0 

22.8 

35.0 

25.0 

36.5 

Chick- 


Cents 


24.5 
26.0 
29.5 
28.0 
27.5 
26.0 
25.5 
26.0 
23.5 
25.0 
28.0 
23.0 
22.0 
20.0 
20.5 
23.5 
26.0 
25.0 
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Table  23. — Data  used  in  the  statistical  analysis 


Year  and  week 


Nov.  10. 
Nov.  17. 
Nov.  24. 
Dec.  1... 
Dec.  8... 
Dec.  15. 
Dec.  22. 
Dec.  29. 


1923 


Jan. 5. 

Jan. 12- 

Jan. 19. 

Jan.  26. 

Feb. 2.. 

Feb.  9-. 

Feb. 16. 

Feb.  23. 

Mar.  1.. 

Mar.  8.. 

Mar.  15. 

Mar.  22. 

Mar.  29. 

Apr.  5.. 

Apr.  12. 

Apr.  19.. 

Apr.  26. 

May  S.- 
May 10. 

May  17- 
May  24- 
MaySl. 
June  7.- 
June  14.. 
June  21 . . 
June  28.. 
July  5... 
July  12.. 
July  19.. 
July  26.- 
Aug.  2-  - 
Aug.  9.. 
Aug.  16-. 
Aug.  23-. 
Aug.  30- . 
Sept.  6... 
Sept.  13.. 
Sept.  20.. 
Sept.  27.. 
Oct.  4..-. 
Oct.  11... 
Oct.  18... 
Oct.  25... 
Oct.  31... 


1924 


May9. 
May  16. 
May  23. 
May  30- 
June6-. 
June  13. 
June  20. 
June  27. 
July  4... 
July  11.. 
July  18.. 
July  25.. 
Aug.  I.- 
Aug. 8.  - 
Aug.  15- 
Aug.  22. 
Aug.  29. 
Sept.  5.. 


1925 


Expected 

weekly 

receipts 

in  New 

York 


Whole 

sale 

price  of 

kosher 

veal  per 

pound  in 

New 

York 


Cars 
279 
280 
285 
204 
245 
270 
400 
313 


258 

250 

249 

235 

254 

248 

246 

220 

240 

281 

278 

245 

271 

273 

317 

297 

185 

219 

241 

215 

230 

195 

227 

216 

219 

215 

221 

251 

235 

252 

206 

211 

230 

241 

220 

235 

260 

376 

326 

246 


214 


180 
202 
231 
175 
190 
200 
214 
205 


218 
203 
231 
204 
222 
200 
234 


Cents 
15.2 
13.7 
14.0 
13.9 
15.6 
17.0 
15.7 
15.5 


18.4 

21.5 

19.3 

18.9 

18.5 

18.5 

19.5 

19.0 

17.5 

16.1 

16.0 

17.0 

18.0 

18.0 

17.5 

16.4 

14.6 

13.5 

15.4 

17.0 

16.9 

15.6 

15.0 

15.0 

17.0 

15.4 

14.4 

16.0 

17.5 

15.5 

14.2 

15.0 

16.8 

18.5 

18.4 

17.5 

18.9 

18.8 

17.8 

17.5 

17.2 

17.2 

16.6 

16.6 


15.4 
18.0 
17.5 
17.0 
16.5 
14.2 
15.0 
17.4 
18.5 
18.3 
17.6 
17.2 
17.5 
18.5 
19.5 
18.1 
17.6 
18.5 


Weekly 
average 
of  maxi- 
mum 
tempera- 
ture in 
New 
York 


51.3 
50.8 
51.3 
51.8 
52.0 
48.5 
48.7 
41.8 


40.5 

45.8 

45.3 

34.2 

43.7 

36.3 

33.2 

32.7 

40.2 

45.0 

39.0 

45.8 

62.7 

48.2 

53.2 

56.3 

58.8 

60.2 

61.2 

63.3 

63.5 

65.0 

71.7 

65.0 

78.0 

79.3 

73.8 

82.7 

78.2 

82.7 

81.3 

88.3 

77.8 

74.0 

82.5 

77.0 

69.8 

67.8 

67.0 

67.7 

68.3 

64.7 

59.3 

63.0 


62.2 
65.5 
74.0 
65.7 
92  0 
75.5 
81.8 

77   B 

75.8 
83.7 
79.2 
78.2 
76.3 
80.2 
81.7 
78.5 
77.7 
81.5 


Year  and 
ended 


Sept.  12. 
Sept.  19. 
Sept.  26. 
Oct.  3... 
Oct.  10.. 
Oct.  17.. 
Oct.  24.. 
Oct.  31.. 
Nov.  7.. 
Nov.  14. 
Nov.  21. 
Nov.  28- 
Dec.  5-- 
Dec.  12-. 
Dec.  19.. 
Dec.  26-. 


1925 


Jan.  2. 
Jan. 9.. 
Jan. 16. 
Jan.  23. 
Jan.  30.. 
Feb.  6.. 
Feb.  13- 
Feb.  20. 
Feb.  27- 
Mar.  6.. 
Mar.  13. 
Mar.  20. 
Mar.  27. 
Apr.  3... 
Apr.  10-. 
Apr.  17.. 
Apr.  24.. 
Apr.  30.. 


1926 


Feb.  5. 

Feb.  12. 

Feb.  19. 

Feb.  26. 

Mar.  5.. 

Mar.  12. 

Mar.  19. 

Mar.  26. 

Apr.  2... 

Apr.  9... 

Apr.  16.. 

Apr.  23.. 

Apr.  30- 

May  7.  . 

May  14. 

May  21- 

May28. 

June  4... 

June  11.. 

June  18.- 

June  25.. 
July  2... 
July  9-. 
July  16- 
July  23-. 
July  30... 
Aug.  6._. 
Aug.  13. . 
Aug.  20. . 
Aug.  27-. 
Sept.  3... 
Sept.  10.. 
Sept.  17.. 
Sept.  24.. 
Oct.  1.... 
Oct.  8.... 


1927 


Expected 

weekly 

receipts 

in  New 

York 


Cars 
231 
273 
326 
256 
267 
208 
216 
227 
282 
240 
228 
308 
198 
216 
244 
267 


192 
162 
214 
207 
221 
193 
199 
213 
201 
190 
199 
185 
364 
303 
168 
174 
180 
170 


194 

215 

201 

210 

200 

230 

225 

215 

210 

206 

315 

250 

221 

220 

240 

235 

235 

243 

208 

243 

225 

220 

195 

225 

225 

240 

225 

228 

260 

239 

260 

245 

240 

380 

225 

370 


Whole- 
sale 
price  of 
kosher 
veal  per 
pound  in 
New 
York 


Cents 
18.5 
19.4 
20.5 
22.0 
22.1 
18.7 
16.5 
17.4 
17.4 
16.7 
16.5 
16.9 
18.4 
20.3 
19.6 
19.5 


19.5 
20.8 
21.8 
21.3 
20.8 
21.6 
22.0 
21.6 
20.8 
19.8 
20.5 
20.5 
19.8 
19.7 
19.1 
18.5 
18.5 
18.5 


14.8 
15.0 
14.8 
15.2 
15.0 
13.8 
14.3 
13.8 
13.3 
14.3 
13.3 
13.9 
10.5 
11.3 
11.7 
11.7 
11.9 
13.8 
11.7 
14.3 
14.8 
14.8 
14.8 
16.5 
9.4 
9.9 
16.5 
17.0 
15.8 
18.3 
16.9 
17.4 
17.4 
17.8 
18.4 
18.3  I 


Weekly 
average 
of  maxi- 
mum 
tempera- 
ture in 
New 
York 


79.2 
73.2 
66.2 
66.3 
56.8 
64.7 
51.5 
47.0 
52.7 
52.2 
52.0 
43.3 
47.3 
44.0 
38.7 
37.2 


36.0 
40.7 
34.5 
46.0 
33.0 
34.2 
29.5 
41.5 
39.5 
36.2 
37.0 
47.0 
52.3 
44.7 
52.7 
48.5 
62.2 
57.2 


44.2 

43.7 

44.3 

45.3 

38.2 

51.8 

64.3 

43.8 

48.7 

49.8 

60.0 

65.2 

54.8 

65.3 

66.2 

64.3 

64.3 

67.3 

77.8 

69.8 

75.2 

75.8 

76.5 

86.5 

76.8 

84.7 

77.3 

77.2 

72.8 

69.7 

74.8 

76.5 

77.0 

69.0 

74.8 

73.7 
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Table  23. — Data  used  in  the  statistical  analysis — Continued 


Year  and  week 
ended — 

Expected 

weekly 

receipts 

in  New 

York 

Whole 

sale 

price  of 

kosher 

veal  per 

pound  in 

New 

York 

Weekly 
average 
of  maxi- 
mum 
tempera- 
ture in 
New 
York 

Year  and  week 
ended— 

Expected 

weekly 

receipts 

in  New 

York 

Whole- 
sale 
price  of 
kosher 
veal  per 
pound  in 
New 
York 

Weekly 
average 
of  maxi- 
mum 
tempera- 
ture in 
New 
York 

1927 
Oct.  15 

Cars 
310 
191 
240 
230 
210 
255 

Cents 
18.3 
18.3 
17.9 
17.9 
16.3 
16.9 

°F. 
62.5 
57.7 
67.7 
59.7 
50.8 
59.8 

1927 
Nov.  26.. 

Cars 
324 
250 
267 
226 
321 
284 

Cents 
16.9 
16.9 
17.3 
16.8 
16.8 
16.8 

°F. 
55.3 

Oct.  22 

Dec.  3-.    

57.3 

Oct  29 

Dec.  10    - 

45.0 

Nov.  5 

Dec.  17 

49.7 

Nov.  12 

Dec.  24 

36.0 

Nov  19 

Dec.  31 .  .  . 

46.2 

Note.— Fowl,  broiler,  and  chicken  prices  are  found  in  Table  21. 
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FOREWORD 

About  $20,000,000  is  being  expended  annually  in  the  United 
States  for  extension  work  in  agriculture  and  home  economics. 
One  of  the  measures  of  the  success  of  this  work  is  the  extent 
to  which  farmers  and  their  families  actually  are  changing  their 
practices  in  favor  of  better  methods  of  work.  With  so  large 
an  expenditure  of  funds  each  year,  studies  of  the  results  being 
obtained,  and  of  the  relative  values  of  the  different  methods 
employed  in  carrying  on  the  work  are  essential  to  intelligent 
administration. 

This  bulletin  gives  the  results  of  such  studies  conducted  in 
14  States  and  including  data  from  more  than  10,000  farms. 
They  constitute  material  for  judgment  based  on  fact  rather 
than  on  opinion.  Further  studies  may  modify  the  tentative 
conclusions  herein  drawn.  Meanwhile,  it  is  believed  the  data 
given  may  serve  as  a  fairly  reliable  guide  to  extension  agents 
in  carrying  on  their  work,  and  be  of  significance  to  students 
preparing  themselves  for  positions  in  the  extension  service  who 
desire  a  knowledge  of  some  of  the  fundamentals  of  the  work. 

C.  B.  Smith, 
Chief,  Office  of  Cooperative  Extension  Work, 
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INTRODUCTION 

In  an  educational  sense  extension  is  teaching,  but  in  a  business 
sense  it  consists  of  selling  ideas.  During  the  early  period  of  the 
establishment  and  development  of  a  nation-wide  system  of  coopera- 
tive extension  work,  administrative  and  supervisory  officers  have 
been  guided  largely  by  the  experience  of  the  teaching  profession  and 
by  the  salesmanship  practices  of  the  commercial  world.     After  14 

1  The  author  is  indebted  to  C.  B.  Smith,  Chief  of  the  Office  of  Cooperative  Extonsion 
Work,  for  assistance  in  planning  the  studies  and  in  interpreting  the  data  ;  also  to  the 
members  of  the  office  staff,  to  the  extension  directors  of  the  several  States,  and  to  the 
members  of  the  State  extension  services  who  made  possible  the  collection  of  such  a  larg(» 
volume  of  field  data. 
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years  of  experience  in  the  conduct  of  extension  under  the  Smith- 
Lever  Act,  and  more  than  20  years  of  extension  activities  in  some 
States,  it  is  possible  to  study  extension  methods  and  accomplishments 
for  the  purpose  of  obtaining  information  that  will  be  peculiarly 
applicable  to  the  conduct  of  extension. 

Although  extension  is  teaching,  there  are  certain  differences  be- 
tween classroom  teaching  and  extension.  The  schools  deal  primarily 
with  children;  extension  deals  with  adults  as  well  as  children. 
Classroom  and  laboratory  exercises  are  conducted  under  controlled 
conditions  as  contrasted  to  extension  activities,  which  are  carried  on 
in  the  field  where  natural  forces  have  free  play  and  under  condi- 
tions as  they  are  found  to  exist.  School  attendance  is  largely  com- 
pulsory, whereas  the  contacts  of  farming  people  with  extension 
work  and  workers  are  entirely  voluntary. 

Many  of  the  methods  employed  in  good  salesmanship  are  applica- 
ble to  extension.  There  are,  however,  certain  marked  differences : 
The  salesman  deals  with  physical  goods,  the  extension  worker  with 
new  ideas ;  the  one  is  a  business  transaction,  the  other  an  educational 
process. 

The  success  of  classroom  teaching  is  measured  by  the  number  of 
children  who  pass  the  various  tests  and  examinations  given.  Volume 
of  sales  is  tangible  evidence  of  the  success  or  failure  of  the  efforts 
of  the  salesman  and  has  a  close  relationship  to  his  financial  reward. 
Several  measures  of  extension  accomplishment  have  been  suggested : 

(1)  The  adoption  of  improved  practices  by  fanners  and  farm  women. 

(2)  Improvement  in  standards  of  living  on  farms, 

(3)  Assumption  of  leadership  by  rural  people. 

(4)  The  number  of  farm   boys  and   girls  brought   into'  direct  touch   with 

extension  and  given  training  and  inspiration  in  their  life  work. 

The  extent  to  which  improved  practices  have  been  adopted  by 
farmers  and  farm  women  is  the  most  satisfactory  single  measure  of 
extension  accomplishment  and  is  the  unit  of  measurement  used 
throughout  this  bulletin.  Over  a  period  of  years  the  number  of  local 
leaders  developed  and  the  number  of  future  farmers  trained  will 
directly  affect  the  number  of  improved  practices  adopted  as  a  re- 
sult of  extension  effort.  The  adoption  of  improved  practices  is  also 
closely  associated  with  a  higher  standard  of  living. 

METHOD  OF  COLLECTING  DATA 

The  data  upon  which  this  study  is  based  were  obtained  in  connec- 
tion w^ith  studies  of  the  effectiveness  of  extension  work  during  the 
period  1923  to  1928  made  in  cooperation  with  the  extension  services 
of  14  States :  New  Jersey,  New  York,  and  Pennsylvania  in  the  north- 
east; Illinois,  Iowa,  Kansas,  Minnesota,  Ohio,  South  Dakota,  and 
Wisconsin  in  the  north  central  group ;  Arkansas  and  Georgia  in  the 
South;  and  California  and  Colorado  in  the  West.  The  data  were 
collected  by  the  survey  method,  all  the  farms  in  representative  areas, 
usually  comprising  two  or  more  townships  each,  being  visited  by 
representatives  of  the  State  and  Federal  extension  offices,  who  ob- 
tained comparable  information  regarding  the  use  made  of  the  co- 
operative extension  system  by  the  farm  family.  Previous  to  the 
survey,  effort  was  made  to  acquaint  those  taking  part  in  the  field 
survey  with  the  past  and  present  extension  programs  and  activities 
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in  the  areas  studied.  The  questionnaire  cards  were  checked  at  the 
headquarters  of  the  survey  party  each  day  for  errors  and  incon- 
sistencies, and  the  necessary  corrections  were  made  or  additional 
information  obtained.     (Figs.  1  and  2.) 


No.  S09.    Co.  Fr. 

Farm  and  Home  Survey  of  the  Results  of  Extension  Work 

Date:  Aug.  11, 1926. 
Name: Address:    Fayetieville.      Community:    Guilford.      Owner:    Yes.      Ten- 
ant:      Phone:  Yes.    Radio:  Size  of  farm:  150  A.    Years:  On  farms  in  county,  SS: 

on  this  farm,  £9.    Kind  of  road:  Dirt.    Type  of  farming:  Dairy,  poultry,  cash  crops.    ISIiles  to  agent's 

office:  8.    No.  in  familv:  Adults,  f;  children,  7.    Months  hired  help:  F.,  2;  H., No.  children  (10- 

20yrs.):4.    No.  in  school  (10-20):  2.    Member  of  what  farmers'  organizations:  Interstate  Milk  Pro- 
ducers.   Member  what  home  makers'  clubs: Leadership  in  extension  work:  Farm, ; 

home,                         .    Extension  activities  on  farm:    Adult,                           ;  junior,                 .     ..  . 

In  home:  Adult, ;  junior, Other  ext.  act's  att'd  or  participated  in:  Farm:  Dairy, 

crops,  plant  diseases,  mtg.,  and  dem.    Home:  Canning  dem.    Contacts  with  Co.  Agt.:  Yes.    H.  Econ. 
Agt.:  Fe«.    What  specialists?    Agronomy,  dairy,  plant  pathology.    If  no  contact,  have  circular  letters 

or  bulletins  been  received: Names  of  local  extension  leaders  from  whom  assistance  has  been 

received: 

1 

Farm  and  home  prac-  '    Methods  largely  respon- 
tices  adopted          1          sible  (see  list  below) 

Extension  agents  involved 

Loc.  Idr. 
involved 

C.  A. 

H.  E.  A. 

Spec'l 

Better  corn  variety Mtg.,  dem.(a),f.v 

V 
V 
V 
V 
V 

V 
V 

Better  potato  variety Dem.  (a),  n.  s.,  mtg 

Dairy  feeding 1  But.,  n.  s.,  mtg 

Alfalfa  growing i  F.  v.,  o.  c,  n.  s.,  mtg 

Poultry  feeding Bul.,  mtg 

Cold  pack  canning i  M.dem 

V 
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Fio.  1. — A  typical  record  obtained  from  a  Pennsylvania  farm  family :  Obverse  side 


List  below  names  of  members  of  family  who  have  carried  on  a  junior  project. 

Name 

Present 
age 

In 
school 

Years  in 
club  work 

Project 

Why  discontinued 

a 

b 

c 

d 

How  has  your  community  benefited  througli  eit< 
has  been  developed. 
Suggestions  for  the  improvement  of  the  service:  Can 
What  agencies  other  than  extension  do  you  rely  on 

jnsion  work?  More  of  a  I 

fully  planned  demonstratic 
for  assistance  in  connecti 

tusiness  type  of  farming 

ns  on  crops  and  livestock. 
on  with  problems  relat- 

Attitude  toward  extensio 
Remarks:  A  good  prospec 
Abbreviations:  Correspoi 
(f.  V.) ;  leader  training  meetir 
school  or  short  course  (e.  s.) 
stration  meeting  (m.  dem.) 
influence  (ind.). 

Extension  services  of  the 
culture  cooperating. 

n  work:  Fav 
t  for  a  local  e 
idence  (cor.) 
ig(l.tr.);bul 
result  demo 
;  general  me 

Pennsylvani 

orable. 

xtension  lead 
;  office  call  ( 
letin  (bul.);  ( 
nstration— A 
eting  (mtg.) 

a  State  Colle 

er. 

0.  c);  telephone  call  (tel. 
circular  letter  (cir.  I.) ;  new 
dult  (dem.  a.),  junior  (de 
;  radio  (r.);  exhibit  (exh 

ge  and  of  the  United  Stat 

);  farm  and  home  visit 
s  story  (n.  s.) ;  extension 
m.  jr.);  method  demon- 
.);  poster  (p.);  indirect 

es  Department  of  Agri- 

Fig.  2. — A  typical  record  obtained  from  a  Pennsylvania  farm  family  :  Reverse  side 

Two  hundred  and  one  representatives  of  the  State  extension  services 
and  ten  members  of  the  extension  service  of  the  United  States  De- 
partment of  Agriculture  participated  in  the  collection  of  tlie  field 
data,  thereby  obviating  the  possibility  of  the  data  being  colored  by 
the  personal  views  of  a  few  people.  To  insure  uniformity  in  data, 
the  terminology  approved  by  the  Association  of  Land-Grant  Colleges 
and  the  United  States  Department  of  Agriculture  was  followed  in 


all  the  surveys.  In  addition,  the  writer  directed  all  the  survey 
parties,  and  personally  took  part  in  the  field  work  in  every  area.  The 
data  were  tabulated  and  summarized  by  the  Federal  extension  service. 
The  basic  information  relating  to  the  effectiveness  of  extension  work 
in  influencing  farm  and  home  practices  was  collected  on  9,287  farms 
in  27  counties  of  13  States. 

AREAS  VARY  GREATLY  IN  EXTENSION  ACCOMPLISHMENT 

From  the  information  obtained  from  the  farmers  and  farm  women 
on  9,287  farms  it  is  evident  that,  although  the  percentages  of  farmers 
and  home  makers  influenced  by  extension  to  adopt  improved  prac- 
tices are  relatively  high  in  all  of  the  areas  studied,  the  range  from 
64  to  97  per  cent  represents  a  50  per  cent  difference  in  accomplish- 
ment. (Table  1.)  In  agricultural  practices  only,  the  percentage  of 
farmers  influenced  varies  from  59  to  96.  For  home-economics  prac- 
tices there  is  a  variation  of  over  600  per  cent  in  the  homes  definitely 
influenced,  the  range  being  from  10  per  cent  in  area  L  to  65  per  cent 
in  area  K. 

Table  1. — Adoption  of  practices  on  farms  and  in  homes 

PERCENTAGE  OF  FARMERS  AND  HOME  MAKERS  ADOPTING  PRACTICES 


Practices 

Area 

G 

C 

^ 

E 

H 

J 

D 

N 

I 

M 

K 

L 

Agricultural  practices ' 

Home-economics  practices  ^ 
Any  practice 

69 
15 
64 

69 
31 
75 

72 
33 

77 

71 
47 
79 

77 
36 
82 

82 
17 
S3 

82 
42 

87 

87 
40 
89 

86        89 
34  1      36 
89  1      90 

86 
65 
92 

96 

.     10 

97 

NUMBER  OF  PRACTICES  ADOPTED  PER  100  FARMS  OR  HOMES 


Practices 

Area 

G 

A 

c 

J 

E 

H 

I 

D 

L 

M 

K 

N 

Agricultural  practices  i 

Home-economics  practices ' 
All  practices           .    

138 
30 
168 

169 

66 

225 

170 

56 

226 

222 

27 

249 

183 
98 
281 

220 

76 

296 

256 

66 

322 

289 
108 
397 

403 

10 

413 

359 

55 

414 

309 
177 
486 

368 
131 
499 

1  Agricultural  practices  include  all  practices  relating  to  agronomy,  horticulture,  forestry,  rodent  controll 
entomology,  plant  pathology,  animal  husbandry,  dairy,  poultry,  agricultural  economics,  and  agricultura, 
engineering. 

«  Home-economics  practices  include  all  practices  relating  to  foods,  nutrition,  clothing,  home  management, 
house  furnishings,  and  health  and  sanitation. 

In  these  comparisons  and  in  the  similar  comparisons  of  areas 
which  follow,  agricultural  practices  and  home-economics  practices 
are  classified  on  a  purely  subject-matter  basis.  Agricultural  prac- 
tices include  all  practices  relating  to  agronomy,  horticulture,  forestry, 
rodent  control,  entomology,  plant  pathology,  animal  husbandry, 
dair}?",  poultry,  agricultural  economics,  and  agricultural  engineering. 
Home-economics  practices  include  all  practices  relating  to  foods, 
nutrition,  clothing,  home  management,  house  furnishings,  and  health 
and  sanitation.  No  attempt  has  been  made  to  compare  county  agri- 
cultural agent  work  and  home  demonstration  work,  because  of  the 
variation  in  the  work  handled  by  these  agents  in  the  different  areas. 
In  some  counties  considerable  poultry  and  gardening  work  was 
carried  on  by  the  home  demonstration  agent,  and  in  other  counties 
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work  in  foods  and  home  management  was  carried  on  by  the  agri- 
cultural agent  with  the  assistance  of  home-economics  specialists.  In 
practically  all  of  the  areas  women  agents  had  been  employed  some- 
what more  recently  than  men  agents.  In  some  of  the  areas  the  low 
percentage  of  farm  women  influenced  to  adopt  improved  home- 
economics  practices  was  due  to  the  small  emphasis  placed  upon  the 
extension  of  home-economics  subject  matter. 

The  preceding  data  are  for  farms-  and  farm  homes.  A  limited 
study  of  village  homes  in  two  States  would  seem  to  indicate  that 
the  percentage  of  village  women  who  have  adopted  improved  home- 
economics  practices  as  the  result  of  extension  teaching  is  larger  thaii 
that  of  farm  women  similarly  influenced. 

It  might  be  assumed  that  in  those  areas  where  the  lower  per- 
centages of  farmers  and  farm  women  were  influenced,  a  larger 
number  of  changes  per  farm  would  be  made  than  in  the  areas  where 
more  people  have  been  reached.  This  does  not  seem  to  be  true,  for  on 
the  basis  of  number  of  practices  adopted  per  100  farms,  in  which 
the  number  of  improved  practices  adopted  per  farm  and  home  is 
considered  as  well  as  the  percentage  of  farms  and  homes  involved,  the 
areas  remain  in  essentially  the  same  order.  (Table  1.)  Ap- 
parently, in  those  areas  where  the  higher  percentages  of  farmers 
have  been  influenced  to  adopt  practices,  the  more  intensive  work  has 
also  been  done.  The  variation  in  extension  accomplishment  as 
measured  by  the  number  of  practices  adopted  per  100  farms  and 
homes  is  from  168  in  area  G  to  499  in  area  N,  or  approximately  200 
per  cent.  In  the  adoption  of  agricultural  practices  the  range  is  from 
138  to  403  practices  per  100  farms.  For  home-economics  practices 
the  range  is  from  10  to  177  practices  per  100  homes.  The  wide 
variation  in  adoption  of  home-economics  practices  is  partly  due 
to  the  small  emphasis  placed  upon  this  phase  of  extension  in  some  of 
the  areas  included  in  the  study. 

Organized  extension  work  had  been  under  way  in  the  counties  for 
varying  lengths  of  time  when  the  field  data  were  collected.  There  is 
also  considerable  difference  in  the  number  of  farming  people  per 
county.  The  number  of  resident  extension  agents  in  the  counties 
studied  varies  from  one  to  three  or  more.  In  some  States  more  assist- 
ance by  specialists  from  the  college  is  available  than  in  other  States. 
In  making  up  Figure  3  all  these  factors  have  been  considered,  as  well 
as  the  percentages  of  farmers  reached  and  the  number  of  practices 
adopted.  In  addition  some  consideration  has  been  given  to  the  fre- 
quency of  changes  in  county  extension  personnel.  This  comparison 
is  only  approximate,  because  of  the  difficulty  of  computing  accurate- 
ly the  number  of  man-years  of  extension  chargeable  to  the  various 
counties.  Although  the  order  of  areas  is  changed  about  somewhat 
in  relation  to  the  two  previous  comparisons  there  is  an  even  greater 
variation  in  accomplishment  in  the  different  areas.  The  number  of 
practices  adopted  per  man-year  of  extension  varies  from  92  in  area 
G  to  938  in  area  J.  The  number  of  farms  on  which  practices  w^ere 
changed  varies  from  34  per  man-year  in  area  G  to  314  in  area  J.  On 
the  basis  of  farms  reached  and  practices  adopted  per  man-year,  the 
larger  counties  have  a  natural  advantage,  since  it  is  easier  to  reach 

2  The  term  *'  farm  "  as  used  in  this  and  other  similar  connections  throughout  the  bulle- 
tin refers  to  the  farm  operator  and  his  family. 
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the  first  50  per  cent  of  the  farmers  and  farm  women  than  it  is  the 
remaining  50  per  cent.  The  returns  per  agent  are  undoubtedly 
greater  where  one  agent  is  employed  in  a  county,  since  additional 
agents  must  of  necessity  work  largely  with  the  same  farm  families 
and  be  concerned  with  the  adoption  of  additional  practices  rather 
than  the  influencing  of  additional  families. 

The  foregoing  comparisons  bring  out  clearly  the  wide  variation  in 
accomplishment  resulting  from  extension  effort  in  different  areas, 
regardless  of  the  basis  chosen  for  the  comparison.     In  a  previous 
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Fig.  3, — Farms  reached  and  practices  adopted  per  man-year  of  extension 

bulletin  (^)  ^  the  influence  of  land  tenure,  size  of  farm,  distance  from 
extension  office,  membership  in  extension  associations,  participation 
in  extension  activities,  contact  with  extension  workers,  and  similar 
factors  upon  the  effectiveness  of  extension  in  inducing  farmers  and 
home  makers  to  adopt  improved  practices  has  been  shown.  In  this 
study  an  effort  will  be  made  to  bring  out  the  part  that  extension 
methods — the  means  and  agencies  employed  in  extension  teaching — 
play  in  causing  the  adoption  of  improved  practices.  How  do  the 
"  tools"  used  in  extension  work  compare  in  effectiveness  ? 


3  Reference  by  italic   number  in   parentheses  is  to  literature  cited  in 
p.  46. 
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CLASSIFICATION  OF  EXTENSION  METHODS 

The  means  and  agencies  employed  in  extension  teaching  may  be 
classified  in  several  different  ^Yays.  In  classification  1  (Table  2), 
which  has  been  used  in  a  number  of  studies  of  the  effectiveness  of 
extension,  the  methods  are  classified  according  to  the  major  purpose 
for  which  they  are  used. 


Table  2.- 

-Extension  methods: 

Classification  1 

Personal  service 

Publicity 

Object  lesson 

Farm  and  home  visits. 
Office  calls. 
Telephone  calls. 
Extension     schools     and 

courses. 
Leader-training  meetings. 
Study  courses. 

short 

Bulletins. 
Circular  letters. 
News  stories. 
General  meetings. 
Radio. 
Exhibits. 
Posters. 

Adult  result  demonstrations. 
Junior  result  demonstrations. 
:  Method  demonstrations. 

The  personal-service  group  includes  all  means  of  rendering 
personal  service  to  individual  farmers  and  farm  women,  such  as 
farm  and  home  visits,  office  calls,  and  the  like.  The  inclusion  of 
extension  schools  and  leader-training  meetings  in  this  group  depends 
somewhat  upon  how  they  are  conducted  in  the  field. 

The  publicity  group  includes  alj.  means  employed  for  the  purpose 
of  influencing  people  in  a  wholesale  way.  Exhibits  have  been  put 
into  this  group  rather  than  into  the  object-lesson  group  because 
of  the  general  character  of  the  exhibits  commonly  made  by  extension 
agents. 

The  object-lesson  group  include-  tli;)-e  methods  which  aim  to 
establish  proof  or  which  are  concerned  with  the  teaching  of  skill. 
Since  method  demonstrations  involve  meetings  they  have  a  public- 
ity phase,  and  might  be  put  into  the  publicity  group  rather  than 
into  the  object-lesson  group. 

In  classification  2  (Table  3)  the  methods  of  extension  teaching 
are  arranged  according  to  characteristics  inherent  in  the  method. 
All  the  means  largely  dependent  upon  the  use  of  the  spoken  word  are 
grouped  together.  The  various  ways  of  employing  the  written 
or  printed  page  form  another  grouj).  The  objective  group  includes 
those  means  which  appeal  through  the  eye. 


Table  3. — Extension  metJwds: 

Classification  2 

Oral 

Written 

Objective 

Farm  and  home  visits. 
Office  calls. 
Telephone  calls. 
Meetings: 

Leader  training. 

Extension    schools    and 
courses. 

General. 
Radio. 

short 

Bulletins. 
Circular  letters. 
News  stories. 
Correspondence. 
Study  courses. 

Exhibits. 

Result  demonstrations: 

Adult. 

Junior. 
Method  demonstrations. 
Posters. 

Motion  pictures. 
Lantern  slides. 
Charts. 

Here  again  certain  means  may  involve  more  than  one  group. 
As  mentioned  above,  the  way  in  which  a  particular  activity  is  exe- 
cuted often  will  affect  its  proper  classification.    Many  activities  will 
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normally  fall  into  two  or  more  groups.  Motion  pictures,  lantern 
slides,  and  charts  in  the  objective  group  are  usually  employed  in  con- 
nection with  general  or  special  meetings  falling  into  the  oral  group. 
In  addition  to  the  direct  influence  of  the  various  means  and 
agencies  employed  in  extension  upon  the  adoption  of  improved 
practices,  there  is  a  large  indirect  spread  of  influence  which  should 
not  be  overlooked.  This  indirect  spread  of  better  practices  from 
one  neighbor  to  another  is  frequently  more  important  than  the 
direct  influence  of  leading  methods.  In  practice,  therefore,  it  is 
necessary  to  add  to  any  classification  of  methods  another  group 
heading  to  include  the  indirect  influence  which  can  not  be  identified 
with  the  individual  means  and  agencies. 

RELATIVE  FREQUENCY  WITH  WHICH  PARTICULAR  METHODS 
INFLUENCE  ADOPTION  OF  PRACTICES 

It  is  sometimes  difficult  for  a  farmer  to  tell  just  what  forces  influ- 
enced him  to  lime  his  soil,  to  cull  his  poultry,  or  to  adopt  some  other 
improved  practice.  The  sources  of  inspiration  and  information 
which  stand  out  in  the  farmer's  mind  may  not  always  include  all  the 
agencies  which  have  had  a  part  in  stimulating  him  to  action.  In- 
terest may  have  been  aroused  at  a  meeting  which  led  to  attendance  at 
another  meeting,  calling  on  the  agent  at  his  office,  conducting  a 
result  demonstration,  or  the  obtaining  of  a  bulletin.  Wherever  the 
desired  action  had  resulted  from  the  cumulative  influence  of  several 
methods  credit  was  given  to  all  the  means  and  agencies  which,  in  the 
judgment  of  the  farmer,  had  contributed  in  any  ,way  to  the  adoption 
of  the  practice  in  question.  It  is  believed  that  the  opinions  of  large 
numbers  of  farmers  and  farm,  women  regarding  the  tools  used  in 
extension  which  have  in  any  way  influenced  them  to  adopt  improved 
practices  furnish  a  fairly  reliable  index  of  the  relative  effectiveness 
of  the  various  means  and  agencies  employed  in  extension  teaching. 
Certainly  the  farmer  knows  better  than  anyone  else  the  extension 
activities  to  which  he  has  been  exposed  and  from  which  he  obtained 
information  actually  put  into  practice  on  the  farm. 

Comparable  information  is  available  regarding  the  methods  that 
influenced  the  adoption  of  27,032  agricultural  and  home-economics 
practices  as  reported  by  the  farmers  and  farm  women  on  8,738  farms 
in  26  counties  of  12  States.  (Fig.  4.)  In  order  to  bring  out  more 
clearly  the  relative  effectiveness  of  the  different  methods  the  data  have 
been  reduced  tO'  a  basis  on  which  the  sum  of  the  influences  of  indi- 
vidual methods  equals  100  per  cent.  Actually,  of  course,  the  influence 
of  two  or  more  methods  is  frequently  reported  in  connection  with  the 
adoption  of  a  single  practice. 

Indirect  spread  from  one  neighbor  to  another  was  reported  for 
21.3  practices  out  of  100.  Next  in  order  are  method  demonstrations, 
15.2  practices  out  of  100;  general  meetings,  13.8;  farm  and  home 
visits,  12.3 ;  news  stories,  10.3 ;  office  calls,  6.8 ;  result  demonstrations, 
adult  and  junior,  6.7;  and  bulletins,  6.5.  These  eight  means  account 
for  the  adoption  of  93  practices  out  of  100,  credit  for  the  remaining 
7  practices  being  distributed  among  circular  letters,  exhibits,  radio 
talks,  correspondence,  extension  schools,  leader-training  meetings, 
telephone  calls,  posters,  and  study  courses. 
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Although  not  a  measure  of  their  total  influence  these  percentages 
are  indicative  of  the  relative  effectiveness  of  the  different  methods 
as  employed  by  extension  workers  in  the  conduct  of  their  work. 
There  is  naturally  a  difference  in  effectiveness  of  the  same  method 
handled  by  different  extension  agents.  Greater  emphasis  may  have 
been  placed  upon  certain  methods  than  upon  others.  The  interde- 
pendence of  the  various  methods  must  also  be  considered.  The  news 
story  must  have  a  foundation  in  the  work  of  State  and  Federal  re- 
search agencies,  the  results  of  a  local  demonstration,  the  opinion  of  a 
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Fig.  4. — Relative  influence  of  extension  methods  in  effecting  adoption  of  improved 
practices,  as  measured  by  tlie  percentage  of  practices  influenced  in  connection  with 
the  adoption  of  27,032  practices  on  8,738  farms  in  12  States.  The  data  have  been 
corrected  to  the  basis  of  100  per  cent  equals  total  influence  of  all  methods.  Infor- 
mation on  method  demonstrations,  adult  result  demonstrations,  general  meetings, 
and  exhibits  is  for  9  areas  ;  posters,  8  areas ;  study  courses,  5  areas ;  and  radio, 
4  areas 

recognized  authority,  or  the  good  practice  of  a  farmer.  The  bulletin 
may  amplify  the  address  given  at  a  meeting  or  the  conversation 
incident  to  an  office  call.  Attendance  at  the  meeting  and  the  office 
call  may  be  associated  with  the  confidence  inspired  through  farm 
visits  and  successful  result  demonstrations. 

The  data  presented  in  Figure  4  show  the  value  of  the  different 
means  and  agencies  employed  in  extension,  as  these  tools  have  been 
and  are  being  used  by  a  representative  group  of  extension  workers 
under  a  wide  range  of  conditions.  The  data  deal  with  the  prac- 
tical application  of  teaching  methods  in  the  field,  and  not  with 

1^1828—29 2 
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the  theoretical  value  of  the  methods  under  ideal  or  laboratory 
conditions. 

When  the  methods  are  divided  into  groups,  and  duplication  due  to 
a  practice  having  been  influenced  by  two  or  more  methods  in  the 
same  group  is  eliminated,  it  is  found  that  the  publicity  group 
leads  with  30.3  practices  out  of  100  involved.  The  personal-service, 
object-lesson,  and  indirect  methods  are  of  about  equal  influence. 
The  percentage  of  practices  adopted  through  the  influence  of  methods 
of  the  publicity  type  would  be  even  larger  were  allowance  made 
for  method-demonstration  meetings  that  have  been  classed  with  the 
object-lesson  group. 

In  the  second  classification  of  methods  given  (p.  7)  the  oral 
group  leads,  influencing  34.9  practices  out  of  100  changed.  The 
objective  and  indirect  groups  are  about  equal,  each  influencing 
slightly  less  than  1  practice  out  of  4  adopted.  Methods  in  the 
written  group  influenced  18.8  practices  out  of  100  practices  adopted. 
The  influence  of  the  objective  group  would  be  lower,  and  that  of 
the  oral  group  higher,  were  allowance  made  for  the  oral  phases 
of  the  method-demonstration  meetings  classed  as  objective.  In 
connection  with  practices  adopted  by  farmers,  oral  methods  and 
indirect  influence  have  apparently  been  more  influential  than  with 
the  practices  adopted  by  farm  women.  The  adoption  of  practices 
by  farm  women  shows  the  much  greater  influence  of  objective 
methods. 

INHERENT  VALUE  OF  INDIVIDUAL  METHODS 

Although  theoreticaljy  possessing  high  intrinsic  value,  a  method 
may  be  of  little  practical  use  in  the  field  if  the  rank  and  file  of 
extension  workers  are  unable  to  employ  it  successfully.  It  is  there- 
fore desirable  to  study  each  means  and  agenc}^  individually  in  the 
light  of  its  efi^ectiveness  under  all  conditions.  In  Table  4  the  rela- 
tive influence  of  the  various  methods  upon  the  adoption  of  improved 
practices  is  shown  by  areas,  and  in  Table  5  the  same  information 
is  given  for  the  important  subject-matter  lines  of  work. 

Table  4. — Variation  in  mfluence  of  methods  in  effecting  adoption  of  improved 
praotices,  ly  areas,  as  shown  })y  percentages  of  all  improved  practices  adopted  ^ 


Method 

Area 

G 

C 

A 

H 

J 

D 

N 

I 

M 

K 

L 

Method  demonstrations . .    .  . 

13.03 

10.34 
3.23 
7.11 
9.74 

10.22 
5.56 
1.08 

20.26 

2.51 

3.59 

.84 

219.49 

""2.'9' 
16.52 
9.13 
8.41 

'io.'s' 

10.22 
.43 
.22 
1.3 

"'."07 

19.08 

9.54 

7.2 

13.04 

3.83 

5.71 

1.75 

.78 

22.45 

5.13 

.26 

.13 

.91 

217.7 

"2."  33 
16.51 
11.57 
10.04 
2.18 

""4.'08 

.88 

1.89 

.44 

1.75 

1.82 

.44 

8.22 

5.26 
1.37 
29.09 
13.03 
7.24 
2.97 

ii."35 
.61 
.61 

"".'15 
1.07 

14.4 

4.30 

3.64 

10.12 

9.64 

5.62 

2.01 

1.60 

17.68 

7.42 

.62 

.42 

.76 

21.97 

.91 

.63 

8.67 

11.61 

6.64 

2.10 

.21 

12.52 

6.57 

2.65 

.28 

.14 

2.37 

14.98 

.36 

.98 

12.3 

8.91 

6.97 

\\36 

P.  09 

^12.  21 

4.19 

1.16 

.17 

.71 

1.07 

8.67 
.73 

1.07 
21.  5:^ 

10.11 

7.10 

.86 

.29 

7.96 

10.68 

1.29 

.78 

1.50 

2.22 

21.13 

3.16 

.94 

9.75 

21.98 

.:.96 

.'13 
.08 
4.70 
7.18 
.26 
.08 
.51 
.43 

4.51 

Adult  result  demonstrations 

Junior  result  demonstrations 

General  mee  tings 

News  stories 

Bulletins . . 

3.94 
3.22 
17.65 
6.21 
2.34 

Circular  letters 

Exhibits              

.48 
.24 

Farm  and  home  visits 

Office  calls.    

1-^.88 
16.'^ 

Correspondence 

Telephone  calls... 

1.3; 
.65 

Extension  schools         

Leader-training  meetings 

Study  courses 

1.02 

'  ".08 

Posters. 

,11 

.03 
4.13 
18.64 

"36."  54 

.22 

1.07 

23.94 

.03 



Radio -- 

.  26|      .  24 

Indirect 

11.36 

20.51 

9.8 

28.37 

20.03 

20.73 

24.12!  26.59 

1  Computed  to  basis  total  influence  of  all  methods  equals  100  per  cent. 

*  In  areas  C  and  II  method  demonstrations  and  adult  result  demonstrations  were  not  separated. 
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METHOD  DEMONSTRATIONS 

According  to  the  official  definition  a  method  demonstration  must 
be  given  by  the  extension  worker  or  other  trained  leader  to  a 
group  for  the  purpose  of  showing  them  how  to  carry  out  a  practice. 
(Fig.  5.)  It  is  concerned  primarily  with  the  teaching  of  skill,  and  is 
predicated  upon  the  audience  accepting  the  paid  extension  worker  or 
trained  local  leader  as  an  expert  in  the  phase  of  subject  matter  in- 
volved. The  teaching  of  a  group  of  farmers  how  to  cull  their 
poultry  and  showing  a  group  of  farm  women  how  to  use  patterns 
are  typical  examples.  The  influence  of  method-demonstration  meet- 
ings upon  the  adoption  of  improved  practices  varied  from  4.5  prac- 
tices out  of  100  in  area  L  to  22  practices  out  of  100  in  area  N.    This 


Fig.  5. — The  metliod-demonstration  meeting  enables  the  extension  worker  to  teach 
many  people  at  once  and  is  well  adapted  to  the  extension  of  home-economics 
information 

important  means  of  influencing  the  adoption  of  practices  seems  to 
bear  a  rather  close  relationship  to  the  total  extension  accomplish- 
ment in  the  various  areas  as  indicated  in  Figure  6.  In  general,  the 
higher  the  direct  influence  of  method-demonstration  meetings  the 
greater  seems  to  be  the  total  extension  results  as  measured  in  terms 
of  improved  practices  adopted  per  100  farms  and  homes. 

As  might  be  expected,  method  demonstrations  have  been  most 
influential  in  those  subject-matter  fields  where  a  great  deal  depends 
upon  the  development  of  skill  (Table  5),  such  as  is  required  in 
horticulture  and  poultry  in  the  agricultural  group,  and  in  all  lines  of 
home-economics  work.  The  teaching  of  farmers  how  to  cull  poultry 
and  to  prune  and  spray,  and  of  farm  women  how  to  prepare  new 
dishes,  make  bread,  can  meats  and  vegetables,  make  dress  forms. 
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use  patterns,  construct  hats,  rearrange  kitchens,  make  draperies,  re- 
finish  furniture,  and  the  like,  seems  to  be  well  adapted  to  group 
demonstrations  by  the  extension  worker  or  other  trained  leader.  In 
connection  wath  soils,  field  crops,  dairy,  swine,  rural  engineering,  and 
marketing  method  demonstrations  have  played  a  less  important  part. 

RESULT  DEMONSTRATIONS 


Result  demonstrations  involve  the  establishment  of  proof  that  the 
improved  practice  advocated  is  applicable  locally.  Such  demonstra- 
tions are  conducted  by  a  farmer,  farm  w^oman,  bo}^  or  girl,  under 
the  direction  of  the 
extension  Avorker. 

Result  demonstra- 
tions conducted  by 
adult  farmers  and 
farm  women  under 
the  supervision  of 
extension  workers 
influenced  the  adop- 
tion of  4.1  per  cent 
of  the  practices  re- 
ported adopted,  the 
variation  being  from 
10.3  per  cent  in  area 
G  to  less  than  one- 
half  of  1  per  cent  in 
area  I.  (Table  4.) 
In  three  of  the  areas 
the  influence  of  result 
demonstrations  was 
reported  in  connec- 
tion with  less  than  1 
per  cent  of  all  the 
practices  adopted. 
Where  greatly  in- 
creased emphasis  was 
placed  upon  result 
demonstrations  as  a 
means  of  teaching 
improved  practices 
directly  to  farmers  and  farm  women,  there  seems  to  have  been  no 
increase  in  total  extension  accomplishment.     (Fig.  7.) 

The  chief  purpose  of  the  result  demonstration  would  seem  to  be 
to  establish  confidence  in  the  recommendations  of  the  extension 
service  rather  than  to  teach  better  practices  directly  to  large  num- 
bers of  people.  (Fig.  8.)  It  is  physically  impossible  for  an  agent 
to  supervise  a  sufficient  number  of  result  demonstrations  in  even 
the  major  phases  of  his  program  to  make  it  possible  for  all  the 
farmers  of  the  county  to  watch  them.  In  addition,  the  result  demon- 
stration, if  in  field  crops,  is  apt  to  be  most  convincing  just  at  the 
time  when  farmers  are  busily  engaged  in  harvesting  the  same  crop 
on  their  own  farms.     With  large  numbers  of  result  demonstrations 


Fig.  6.- 


-Tlie  influence  of  method  demonstrations  as  related 
to  extension  accomplishment 
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and  limited  supervision,  the  possibility  of  failure  of  part  of  the 
demonstrations  is  greatly  increased.  Demonstrations  that  do  not 
demonstrate  frequently  have  a  negative  value  detracting  from  the 
positive  value  of  the  successful  demonstrations.  Needless  repetition 
of  result  demonstrations  does  not  add  materially  to  the  store  of  local 
proof  of  the  usefulness  of  the  practice,  and  would  seem  to  be  at  the 
expense  of  time  which  could  better  be  devoted  to  other  means  and 
agencies. 

In  order  to  use  his  time  most  efficiently,  the  wise  county  agent 
will  make  use  of  the  results  obtained  at  the  experiment  station  and 
the  good  practices  of  local  farmers  in  so  far  as  possible,  and  if 

necessary  conduct  a 
limited  number  of 
carefully  supervised 
result  demonstrations 
in  order  to  provide 
ample  local  proof 
and  confidence.  He 
will  then  place  the 
results  of  these  ex- 
periments,, demon- 
strations, and  local 
practices  before  large 
numbers  of  people 
through  such  means 
as  meetings  and  news 
stories. 

The  farm  and 
home  projects  con- 
ducted by  the  boys 
and  girls  in  club 
work  afford  oppor- 
tunity of  establish- 
ing local  proof  of 
the  value  of  various 
practices.  The  jun- 
ior result  demonstra- 
tions conducted  by 
4^H  club  members 
influenced  the  adop- 
tion of  2.5  per  cent  of  all  practices  reported  adopted  in  11  areas.  The 
greatest  influence  of  the  junior  result  demonstration  was  reported  in 
area  A,  where  7.2  per  cent  of  the  practices  were  involved,  and  the  least 
influence  in  area  N,  where  0.6  per  cent  of  the  practices  were  credited  to 
this  means.  (Table  4.)  Although  the  local  proof  established  through 
result  demonstrations  conducted  by  boys  and  girls  apparently  has 
somewhat  less  influence  than  the  corresponding  work  of  adults,  it 
must  be  remembered  that  this  is  but  a  by-product  of  training  future 
farmers  and  farm  women  through  4— H  c\\xh  work.  The  junior  result 
demonstrations  unquestionably  aid  in  building  up  that  degree  of 
conhdence  in  the  recommendations  of  the  extension  service  that  make 
it  possible  effectively  to  reach  people  through  more  extensive  means. 
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Fig,    7.- 


-The   influence   of   adult    result    demonstrations    as 
related   to   extension   accomplishment 
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Not  all  subject  matter  is  equally  adapted  to  boys'  and  girls'  club 
work  and  to  work  with  adults.  In  the  areas  studied  junior  result 
demonstrations  had  been  more  influential  in  spreading  better  prac- 
tices in  corn,  potatoes,  gardening,  swine,  food  preparation  and 
preservation,  and  clothing  than  in  the  other  subject-matter  lines. 
(Table  5.) 

GENERAL  MEETINGS 

Group  meetings  are  one  of  the  oldest  means  employed  in  extension 
teaching.  They  received  great  emphasis  during  the  farmers'  insti- 
tute movement,  which  was  at  its  height  just  prior  to  the  passage  of 
the  Smith-Lever  Act.  That  the  meeting  together  of  a  group  at  the 
community  center  or  at  a  neighbor's  barn  is  still  an  important  way 
of  extending  information  is  abundantly  evident.     According  to  the 


-Jt^tiyf  ^ 


Fig.  8. — A  successful  result  demonstration  furnishes  local  proof  of  the  valuf  of  a 
practice,  which  frequently  becomes  the  basis  of  the  news  story  and  the  community 
meeting.  Although  few  people  may  be  influenced  directly  by  the  result  demonstra- 
tion, it  is  an  important  means  of  establishing  confidence  in   the  extension  service 

statements  of  the  farmers  and  farm  women  interviewed  nearly  one 
practice  out  of  every  seven  was  adopted  through  this  means.  In  area 
J  (Table  4)  credit  was  given  to  meetings  for  29.1  practices  out  of 
every  100  adopted.  The  least  influence  was  reported  in  area  G, 
where  7.1  per  cent  of  the  practices  were  involved.  Meetings  also  had 
a  high  average  influence  upon  the  adoption  of  practices  in  nearly 
every  subject-matter  field.  Approximately  one  practice  out  of  every 
four  adoped  in  alfalfa,  marketing,  nutrition,  home  improvement, 
and  health  and  sanitation  was  influenced  by  meetings  other  than 
method-demonstration  meetings,  extension  schools,  and  leader-train- 
ing meetings.  (Table  5).  The  lines  of  subject  matter  least  affected 
by  general  meetings  are  corn,  wheat,  oats,  tree  fruits,  swine,  and 
food  preparation  and  preservation.     A  factor  contributing  to  the 
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importance  of  meetings  sometimes  overlooked  by  extension  workers 
is  the  larger  number  of  people  reached  by  meetings  than  by  many 
other  means.  Those  in  attendance  at  a  meeting  will  also  frequently 
be  willing  to  undertake  work  that  they  would  not  attempt  to  do  if 
acting  as  individuals. 


NEWS  STORIES 


Although  1  out  of  10  practices  adopted  in  the  areas  surveyed  was 
credited  to  news  stories,  there  is  a  wide  variation  in  the  effectiveness 


/'£^ /Cf£? /^^JSAfS...ZZ5     /Sa     ZZ6     '^/3     32Z   149     236     397     4-/^    499     486 
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Fig.  9. — The  influence  of  news  stories  as  related  to  extension  accomplishment 

of  this  means,  the  greatest  influence  being  in  area  K,  where  22  prac- 
tices out  of  100  were  so  influenced,  and  the  least  in  area  A,  where  but 
3.8  per  cent  of  the  practices  were  adopted  as  the  result  of  news 
stories.  (Table  4.)  News  stories  have  exerted  greatest  influence  on 
the  adoption  of  practices  throughout  the  areas  in  soils,  field  crops, 
livestock,  marketing,  and  food  preparation.  (Table  5.)  The  lines 
of  subject  matter  least  influenced  by  news  stories  are  horticulture, 
rural  engineering,  food  preservation,  nutrition,  clothing,  home  man- 
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agement,  home  improvement,  and  health.  Unless  the  extension 
Avorker  makes  full  use  of  local  newspapers  to  place  the  recommenda- 
tions of  the  extension  service  and  the  results  of  local  demonstrations 
before  all  the  people  the  likelihood  of  a  large  number  of  people 
being  informed  regarding  a  particular  practice  and  accepting  it  as 
a  part  of  the  farm  and  home  routine  is  greatly  reduced.  From  Fig- 
ure 9  it  is  evident  that  there  is  a  close  correlation  between  the  influ- 


tiG.  10. — News  items  in  the  local  paper  provide  a  moans  of  widely  disseminating 
information  regarding  improved  methods  of  farming  and  home  making.  This  is 
one  of  the  most  *Honomical  means  employed  in  extension  teaching 

ence  ascribed  to  news  stories  and  total  extension  accomplishment  in 
a  given  area.  The  building  up  of  confidence  in  the  extension  organi- 
zation and  the  establishment  of  local  proof  naturally  precede  the  ef- 
fective use  of  news  stories,  but  once  that  confidence  and  proof  have 
been  provided,  the  news  story  furnishes  an  economical  means  of 
bringing  about  the  widespread  adoption  of  improved  practices. 
(Fig.  10.) 

21828—29 3 
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BULLETINS 

That  farmers  and  farm  women  read  and  make  use  of  the  bulletin 
information  published  by  the  colleges  and  experiment  stations  and 
the  United  States  Department  of  Agriculture  is  shown  by  the  sub- 
stantial percentage  (6.5  per  cent)  of  practices  adopted  through  the 
influence  of  bulletins.  The  influence  of  bulletins  is  fairly  uniform 
throughout  the  areas  studied,  and  in  the  entire  field  of  subject  matter 
involved.  (Tables  4  and  5.)  The  greatest  influence  of  bulletins 
was  reported  in  ^^reas  G  and  H,  and  least  influence  in  area  L. 
Vegetables,  poultry,  food  preservation,  and  nutrition  lead  the  other 
subject-matter  lines  in  the  influence  of  bulletins  upon  adoption  of 
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Fig.  11. — Tj^ical  pxtonsion  bulletins.  Bulletins  as  a  source  of  information  caused 
the  adoption  of  G.5  per  cent  of  tlie  improved  practices  reported  as  accepted  by 
farmers  and  farm  women 

improved  practices.  Soy  beans,  marketing,  and  clothing  show  the 
least  influence  of  bulletins.  Bulletins  doubtless  are  most  useful 
when  supplementing  other  extension  means  and  agencies.  (Fig.  11.) 
The  relatively  small  cost  of  bulletins  is  another  strong  point  in  favor 
of  their  judicious  use. 

CIRCULAR  LETTERS 

Farmers  and  farm  women  were  in  agreement  in  practically  all 
of  the  areas  regarding  the  small  influence  of  the  printed  or  stenciled 
circular  letter.  (Table  4.)  Onjy  in  area  G  did  circular  letters 
influence  the  adoption  of  more  than  5  practices  out  of  100.  The 
small  influence  of  circular  letters  also  holds  throughout  all  lines  of 
subject  matter,  both  agriculture  and  home  economics.     (Table  5.) 
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In  only  three  lines  of  subject  matter — tree  fruits,  vegetable  grow- 
ing, and  marketing — were  more  than  2  practices  out  of  100  influenced 
by  circular  letters. 

EXHIBITS 

Although  employed  in  all  the  areas  studied,  exhibits  have  had 
slight  influence  upon  the  adoption  of  practices.  (Table  4.)  In  no 
area  were  as  many  as  2  out  of  100  practices  adopted  ascribed  to 
exhibits.  In  only  one  line  of  subject  matter,  health  and  sanitation, 
were  more  than  2  practices  in  100  adopted  through  the  influence  of 
exhibits.  (Table  5.)  If  exhibits  possess  great  inherent  value  it 
would  seem  that  the  extension  workers  in  some  State  and  in  some 
subject-matter  Jine  of  work  would  have  found  ways  of  using  them 
effectively.  Either  exhibits  are  not  well  adapted  to  teaching 
improved  practices,  or  people  do  not  go  for  information  to  places 
where  exhibits  are  made,  or  both. 

Even  though  apparently  much  less  effective  than  most  other  exten- 
sion activities  in  directly  influencing  the  adoption  of  improved  farm 
and  home  practices,  exhibits  still  may  have  a  place  in  extension 
as  a  means  of  creating  good  will  for  extension  on  the  part  of  county 
officials,  fair  boards,  business  men,  city  dwellers,  and  others. 

FARM  OR   HOME  VISITS 

Individual  calls  upon  the  farmer  or  farm  woman  by  a  representa- 
tive of  the  extension  service  were  of  little  importance  in  areas  H  and 
K,  where  less  than  5  per  cent  of  all  practices  adopted  were  influenced 
by  farm  or  home  visits,  but  of  very  great  importance  in  the  remain- 
ing areas,  where  from  8  to  22  per  cent  of  the  practices  were  traced 
to  this  method.  (Table  4.)  Personal  contact  with  the  extension 
worker  at  the  farm  is  unquestionably  desired  by  farmers  and  seems 
to  be  a  determining  factor  in  obtaining  the  adoption  of  a  large 
number  of  farm  and  home  practices.  Farm  visits  were  much  more 
important  in  agriculture  than  were  home  visits  in  home  economics. 
(Table  5.)  Twenty-three  practices  out  of  100  in  vegetable  growing 
were  traced  to  farm  visits.  Soils,  cotton,  tree  fruits,  dairy,  swine, 
poultry,  rural  engineering,  and  marketing  are  other  agricultural 
3ubject-matter  lines  in  which  greater  than  average  influence  of  farm 
visits  was  reported.  Farm  visits  were  of  least  influence  in  connection 
with  practices  affecting  wheat  and  oats.  The  home  visit  exerted  its 
greatest  influence  with  home  management,  home  improvement,  and 
health  and  sanitation  practices,  and  its  least  with  nutrition  and  cloth- 
ing subject  matter. 

In  addition  to  the  direct  influence  of  farm  and  home  visits,  the 
resulting  personal  contacts  between  extension  workers  and  farmers 
are  doubtless  an  important  factor  in  establishing  confidence  in  infor- 
mation extended  through  meetings,  news  stories,  bulletins,  and  other 
similar  mean^  and  agencies. 

OFFICE  CALLS 

As  in  the  case  of  farm  visits,  the  influence  of  calls  at  the  extension 
office  upon  the  adoption  of  practices  varies  greatly  in  the  areas 
studied.    In  areas  H  and  J  the  number  of  practices  adopted  as  the 
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result  of  office  calls  is  almost  negligible.  (Table  4.)  In  area  L, 
however,  1  practice  out  of  6,  and  in  areas  C  and  M,  1  practice  out  of 
every  10  adopted,  resulted  from  office  calls.  Office  calls  obviously 
can  not  influence  the  adoption  of  practices  unless  farmers  and  farm 
women  seek  out  the  extension  workers  at  their  headquarters.  The 
location  of  the  extension  office,  methods  of  handling  office  callers,  and 
confidence  in  the  extension  agents  are  some  of  the  factors  vitally 
affecting  the  number  of  office  calls.    When  a  farmer  comes  to  the 
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Fig.  12. — The  influence  of  office  calls  as  related  to  extension  accomplishment 

office  for  information  less  time  is  used  in  supplying  that  information 
than  when  an  extension  worker  makes  a  visit  to  the  farm  or  holds 
a  meeting  in  that  community.  Since  office  calls  reflect  the  confidence 
of  the  farming  people  in  the  cooperative  extension  service  it  is  but 
natural  that  the  influence  of  office  calls  is  a  fairly  good  barometer 
for  indicating  total  extension  accomplishment  in  a  given  area.  (Fig. 
12.)  The  number  of  practices  adopted  per  100  farms  in  the  different 
areas  studied  is  high  or  low  depending  upon  the  number  of  practices 
credited  to  the  influence  of  office  calls  in  those  same  areas. 
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Office  calls  had  slight  effect  upon  the  adoption  of  home-economics 
practices  (Table  5)  but  were  of  considerable  importance  in  practi- 
cally all  lines  of  agricultural  subject  matter. 

CORRESPONDENCE 

Few  improved  practices  were  adopted  as  an  outgrowth  of  personal 
correspondence  between  farmers  and  extension  workers.  In  only 
two  areas,  G  and  N,  were  more  than  2  practices  out  of  100  reported 
adopted  due  to  correspondence.  (Table  4.)  The  slight  influence 
of  personal  letters  is  not  confined  to  any  line  of  subject  matter  (Table 
5)  and  probably  is  due  primarily  to  the  fact  that  farmers  as  a  rule 
are  not  accustomed  to  writing  letters  for  subject-matter  information. 
Extension  workers  in  answering  requests  for  information  often  find 
it  more  practical  to  inclose  a  bulletin  than  to  attempt  to  treat  the 
problem  involved  in  a  letter. 

TELEPHONE  CALLS 

Apparently  the  telephone  is  not  used  in  extension  as  a  means  of 
disseminating  subject-matter  information  to  any  large  extent.  Ap- 
pointments, arrangements  for  meetings,  and  all  similar  matters  may 
be  handled  successfully  over  the  telephone,  but  the  farmer  apparently 
prefers  other  means  of  acquiring  his  information.  This  is  uniformly 
true  of  farmers  in  all  the  areas  studied  and  for  all  the  farm  and  home 
interests  involved.     (Tables  4  and  5.) 

EXTENSION   SCHOOLS 

The  itinerant  school  of  two  to  five  days'  duration  held  for  the  pur- 
pose of  giving  systematic  instruction  to  persons  not  resident  at  the 
college  was  formerly  used  extensively  in  some  States.  The  number 
of  such  schools  has  decreased  rapidly  in  recent  years.  Less  than  2 
practices  in  100  in  any  one  of  the  areas  were  traced  to  the  influence 
of  this  extension  agency.  (Table  4.)  Rural  engineering  is  the  only 
subject-matter  line  in  which  extension  schools  have  influenced  any 
considerable  number  of  practices.     (Table  5.) 

LEADER-TRAINING  MEETINGS 

As  only  the  local  extension  leaders  and  a  few  visitors  attend  the 
meetings  conducted  by  agents  and  specialists  for  the  purpose  of 
instructing  leaders,  who  in  turn  may  teach  improved  practices  to 
others,  the  direct  influence  of  this  teaching  device  is  comparatively 
small.  (Table  4.)  Since  much  of  this  training  is  done  through 
method  demonstrations,  the  results  from  this  method  might  well  be 
combined  with  those  credited  directly  to  method  demonstrations.  The 
percentage  of  practices  adopted  by  leaders  as  the  result  of  informa- 
tion obtained  at  leader-training  meetings  naturally  depends  upon 
the  extent  to  which  the  local  leadership  has  been  developed  in  the 
area  and  in  the  project.  This  doubtless  accoimts  largely  for  the 
influence  of  leader-training  meetings  in  connection  with  nutrition, 
clothing,  home  management,  home  improvement,  and  health  and 
sanitation  practices.     (Table  5.) 

STUDY  COURSES 

Although  available  in  most  States,  formal  correspondence  courses 
are  not  conducted  on  a  large  scale  by  the  extension  services  in  the 
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areas  included  in  the  studies.  This  means  of  disseminating  subject 
matter  was  reported  as  having  influenced  the  adoption  of  about  1 
practice  in  1,000  in  all  the  areas  studied. 

RADIO 

The  radio  is  a  comparatively  new  agency  in  extension  teaching. 
It  was  included  in  the  list  of  methods  in  four  areas  in  which  studies 
were  made,  and  in  one  of  them  influenced  the  adoption  of  4  practices 
in  100.  (Table  4.)  Since  the  use  of  the  radio  in  extension  is  still 
in  an  experimental  stage  it  is  unwise  to  draw  conclusions  from  the 
data  obtained  as  to  its  relative  effectiveness. 

INDIRECT  INFLUENCES 

The  amount  of  spread  of  extension  practices  from  one  neighbor  to 
another  varies  in  the  different  areas,  but  it  is  of  great  importance 


Fig.  13. — Information  is  rapidly  passed  on  bj-  one  neightbor  to  another  where  there 
is  large  economic  return  or  other  satisfaction  growing  out  of  the  adoption  of  an 
improved  practice.  The  degree  of  indirect  spread  bears  a  close  relationship  to  total 
extension  accomplishment  as  measured  by  adoption  of  better  practices 

in  all.  (Table  4.)  The  adoption  of  10  practices  out  of  100  in  area 
A  and  36  practices  out  of  100  in  area  I,  with  an  average  of  21.3  prac- 
tices in  100  for  all  areas,  was  attributed  to  this  means.  In  the  case  of 
wheat  and  oats  more  than  40  practices  out  of  every  100  were  adopted 
through  indirect  spread  from  other  methods.  (Table  5.)  This  was 
true  of  more  than  20  practices  in  100  with  soils,  corn,  alfalfa,  soy 
beans,  other  legumes,  potatoes,  cotton,  dairying,  and  marketing.  The 
least  indirect  spread  in  the  agricultural  group  was  with  tree  fruits 
and  vegetables. 

Indirect  spread  was  much  Jess  in  home  economics  subjects  than 
in  agricultural  subjects,  though  still  of  decided  importance.  Food 
preservation  (canning)  leads  all  other  home-economics  subjects  in  the 
indirect  spread  of  better  practices  from  one  home  to  another. 
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That  the  indirect  spread  of  improved  practices  plays  such  a  large 
part  in  extension  is  perfectly  natural.  The  statement  of  a  neighbor 
of  good  standing  in  the  community  (fig.  13),  the  reported  yield  of  a 
new  variety  of  v^heat  or  cotton,  the  size  of  a  neighbor's  milk  check, 
success  in  canning  vegetables,  or  a  convenient  kitchen,  all  are  power- 
ful forces  set  in  motion  by  effective  extension  teaching. 

Total  extension  accomplishment  in  the  areas  studied  is  more  closely 
associated  with  indirect  spread  from  neighbor  to  neighbor  than  with 
the  direct  influence  of  any  of  the  means  and  agencies  employed  in  ex- 
tension teaching.     (Fig.  14.)     Whether  indirect  spread  of  influence 


Fig.  14. — Indirect  spread  of  influences  as  relatoa  to  e.Ktmsi.in  ;uc.)mplis".ment 

is  more  closely  associated  with  certain  means  and  agencies  than  with 
others  is  a  problem  for  further  study.  Without  doubt  it  is  closely 
related  to  the  extent  to  which  people  are  informed  regarding  exten- 
sion, their  confidence  in  the  extension  service,  and  the  advantage 
accruing  to  the  individual  from  the  adoption  of  the  recommended 
practices. 

INTERRELATIONSHIP  OF  METHODS 


Because  of  the  complex  intermingling  of  the  means  and  agencies 
employed  in  extension  teaching  as  conducted  in  the  field  it  is  ex- 
tremely difficult  to  evaluate  the  contribution  of  each  to  the  sum 
total  of  extension  accomplishment.     There  are  no  situations  where 
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a  single  means  or  agency  has  had  free  play,  other  means  and  agencies 
having  been  brought  to  bear  on  the  same  situation  at  some  time  or 
other.  Every  means  and  agency  must  therefore  be  considered,  not 
only  by  itself,  but  in  combination  with  other  means  and  agencies. 

Correlation  studies  indicate  that  the  total  num.ber  of  practices 
adopted  as  the  result  of  extension  effort  is  more  closely  related  to 
the  influence  of  certain  extension  methods  than  to  others.  There  is 
apparently  a  fairly  close  correlation  between  the  number  of  prac- 
tices per  100  farms  credited  to  method  demonstrations,  news  stories, 
office  calls,  and  indirect  influence  *  and  the  total  number  of  practices 
adopted  per  100  farms  as  the  result  of  all  extension  effort.  The  num- 
ber of  practices  credited  to  news  stories  is  without  doubt  an  indica- 
tion of  the  extent  to  which  the  farming  people  have  been  informed 
regarding  the  extension  program.  The  influence  of  method  demon- 
strations and  office  calls  upon  adoption  of  practices  reflects  the  con- 
fidence farmers  and  farm  women  have  in  the  extension  service.  The 
amount  of  indirect  spread  naturally  depends  upon  the  degree  of 
satisfaction  with  which  the  adoption  of  improved  practices  is  at- 
tended. It  therefore  seems  logical  that  extension  accomplishment 
should  be  closely  correlated  with  knowledge  of  the  improved  prac- 
tices taught  by  extension,  confidence  in  the  extension  service,  and 
satisfaction  with  the  practices  adopted. 

Meetings  seem  to  be  more  closely  associated  with  the  adoption  of 
improved  home-economics  practices  than  with  agricultural  practices. 

The  direct  influence  of  adult  result  demonstrations  bears  a  nega- 
tive rather  than  a  positive  relationship  to  total  extension  accom- 
plishment,^ indicating  the  possibility  of  needless  repetition  of  dem- 
onstrations requiring  time  which  should  be  devoted  to  other  means 
and  agencies. 

There  seems  to  be  no  marked  relationship  between  tlie  number  of 
practices  credited  to  farm  or  home  visits,  bulletins,  and  the  other 
less  important  means  and  agencies,  and  the  total  number  of  prac- 
tices adopted  as  the  result  of  extension  effort.  There  is  some  indi- 
cation that  bulletins  have  been  more  useful  in  supplementing  other 
means  than  as  an  independent  means  of  influencing  practices. 

The  indirect  spread  of  improved  practices  seems  to  be  more  closely 
associated  with  news  stories,  office  calls,  and  general  meetings  than 
with  the  other  extension  methods. 

The  influence  of  farm  and  home  visits  seems  to  be  associated  with 
the  influence  of  method  and  result  demonstrations. 

Relationship  apparently  exists  between  the  number  of  practices 
ascribed  to  office  calls  and  the  number  of  practices  credited  to  meet- 
ings, particularly  method-demonstration  meetings. 

THE  RELATIONSHIP  OF  SUBJECT  MATTER  AND  METHODS 

A  wide  range  of  subject  matter  is  covered  by  the  improved  prac- 
tices adopted  by  the  farmers  and  farm  women  in  the  areas  where  ex- 
tension studies  have  been  conducted.     An  analysis  of  the  subject 

*  The  coefBcients  of  correlation  for  these  means  are : 

Method  demonstrations +0.  605±0.  095 

News   stories +    •  I§§±   '959 

Office  calls +   ■  ^f6±   .075 

Indirect   influence ^ +    .814±    .044 

6  The  coefficient  of  correlation  for  adult  result  demonstrations  is   —0.479  ±0.1 15. 
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matter  and  the  extension  methods  involved  in  27,032  instances  of  im- 
proved practices  adopted  throws  some  light  upon  the  adaptability 
of  methods  to  the  various  lines  of  subject  matter,  as  well  as  upon 
the  effectiveness  of  the  various  extension  methods  in  the  different 
subject-matter  fields.    (Table  5.) 

AGRICULTURE  AND  HOME  ECONOMICS 

Approximately  three-fourths  of  the  practices  for  which  informa- 
tion is  available  relate  to  agricultural  and  one-fourth  to  home- 
economics  subject  matter.  The  relative  percentages  of  practices  in 
the  two  groups  adopted  because  of  the  various  extension  methods 
employed  are  given  in  Figure  15.  The  method-demonstration 
meeting  influenced  the  adoption  of  a  much  higher  percentage  of 
home-economics   practices   than    of   agricultural    practices,   43    per 
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Fig.  15. — Subject  matter  in  relation  to  extension  metliods,  as  indicated  in  the  adop- 
tion of  20,832  agricultural  practices  and  6,200  liome-economics  practices  on  8,738 
farms  in  12  States 

cent  as  compared  to  8  per  cent.  Adult  and  junior  result  demonstra- 
tions together  were  responsible  for  the  adoption  of  about  7  practices 
out  of  100  in  each  group.  GeneraJ  meetings  accounted  for  14  prac- 
tices out  of  100  in  each  group.  More  than  twice  as  many  agricul- 
tural practices  as  home-economics  practices  were  traced  to  the 
influence  of  news  stories.  About  the  same  percentage  of  practices 
in  the  two  groups  was  attributed  to  bulletins,  circular  letters,  and 
exhibits.  Personal  assistance  apparently  plays  a  more  important 
part  in  the  adoption  of  farm  practices  than  in  the  adoption  of  home 
practices.  Farm  visits  affected  14  farm  practices  out  of  100,  whereas 
home  visits  influenced  only  5  home  practices  out  of  100.  Office  calls 
were  reported  in  connection  with  the  adoption  of  8  farm  practices, 
and  only  0.8  home  practices  in  100.  Possibly  farmers  demand  more 
personal  assistance  than  farm  women,  or  the  nature  of  the  subject 
matter  involved  makes  it  more  desirable.  Leader-training  meetings 
have  directly  influenced  the  adoption  of  about  1  home  practice  in 
30,  but  have  been  little  used  in  agricultural  extension.     The  chief 
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function  of  leader-training  meetings,  however,  has  been  to  train 
leaders  to  repeat  method  demonstrations  rather  than  to  influence 
directly  the  adoption  of  practices. 

The  indirect  spread  of  practices  from  one  neighbor  to  another 
was  about  three  times  as  great  for  agriculture  as  for  home  economics, 
25  practices  out  of  100  in  agriculture  being  due  to  indirect  influence 
as  compared  with  9  practices  out  of  100  in  home  economics. 

SOILS 

Indirect  spread  leads  other  methods  in  importance  in  connection 
with  soils  practices,  followed  by  farm  visits,  office  caljs,  news  stories, 
general  meetings,  and  result  and  method  demonstrations.  Personal- 
service  methods  (farm  visits  and  office  calls)  account  for  the  adop- 
tion of  3  soils  practices  out  of  10.     (Fig.  16.) 
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Pig.    16. — Subject   matter   in   relation   to   extension   methods,   as   indicated   in   the 
adoption  of  914  wheat  practices,  1,104  corn  practices,  and  1,244  soils  practices 

'  CEREALS 

The  relative  influence  of  the  different  methods  is  similar  for  corn, 
and  wheat  practices.  '  (Fig.  16.)  Kesult  demonstrations  conducted 
by  boys  and  girls  were  of  considerable  importance  with  corn,  but 
have  not  been  extensively  empjoyed  to  teach  better  wheat  practices. 
General  meetings  were  about  equally  effective  with  corn  and  wheat. 
This  was  also  true  of  news  stories  and  bulletins.  Farm  visits  and 
office  calls  affected  more  corn  practices  than  wheat  practices.  The 
data  for  oat  practices  are  almost  identical  with  those  on  wheat. 
The  indirect  spread  was  greater  for  wheat  than  for  corn.  In  the 
cereal  crops  considered  as  a  group,  indirect  influence  accounted  for 
the  adoption  of  the  most  practices,  followed  in  order  by  news  stories, 
general  meetings,  method  demonstrations,  farm  visits,  office  caljs, 
result  demonstrations,  and  bulletins. 

Although  methods  have  had  a  similar  influence  upon  the  adoption 
of  practices  relating  to  the  various  cereal  crops,  there  is  a  striking 
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contrast  between  Figure  16  and  Figure  19,  the  latter  of  which 
portrays  the  influence  of  the  various  means  and  agencies  upon  the 
adoption  of  practices  in  tree  fruits  and  vegetables. 

LEGUMES 

The  similarity  in  influence  of  extension  methods  upon  the  different 
legume  crops  is  even  more  striking  than  in  the  case  of  cereals. 
(Fig.  17.)  General  meetings  influenced  a  higher  percentage  of  prac- 
tices in  alfalfa  than  in  soy  beans  and  other  legumes  (principally 
lespedeza  and  sweet  clover).  Office  calls  played  a  more  important 
part  in  the  adoption  of  soy-bean  and  other  legume  practices  than 
in  the  case  of  alfalfa.  The  indirect  spread  was  a  little  greater  with 
other  legumes  than  with  alfalfa  and  soy  beans.  The  most  impor- 
tant methods  in  obtaining  the  adoption  of  legume  practices  were 
indirect  influence,  news  stories,  meetings,  office  calls,  farm  visits,  and 
result  demonstrations. 


Fig.  17. — Subject  matter  in  relation  to  extension  methods,  as  indicated  in  the  adop- 
tion of  975  alfalfa  practices,  340  soy-bean  practices,  and  943  other  legume  and 
forage-crop  practices 

In  a  comparison  of  Figure  17  with  Figure  16  relating  to  cereal 
crops  it  will  be  noted  that  the  method  demonstration  has  had  less 
influence  with  legume  practices  than  with  cereal  practices,  while 
general  meetings  have  influenced  a  higher  percentage  of  legume  prac- 
tices than  of  cereal  practices.  The  indirect  spread  of  cereal  prac- 
tices has  been  much  greater  than  that  of  legume  practices. 

COTTON  AND  POTATOES 

Farm  visits  were  more  important  with  cotton  than  with  potatoes. 
(Fig.  18.)  This  fact  is  offset  by  the  slightly  higher  percentage 
of  potato  practices  than  of  cotton  practices  influenced  by  meetings 
and  adult  and  junior  result  demonstrations.  As  in  the  case  of  the 
preceding  crops  indirect  influence  was  responsible  for  the  highest  per- 
centage of  cotton  and  potato  practices  adopted.  Farm  visits,  meet- 
ings, news  stories,  result  demonstrations,  office  calls,  and  bulletins 
were  next  in  order. 
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The  similarity  in  influence  of  methods  upon  the  adoption  of  im- 
proved practices  relating  to  potatoes  and  cotton  is  the  more  striking 
when  one  considers  that  these  crops  are  grown  in  widely  separated 
areas  and  under  contrasting  systems  of  farming.  Some  of  the  rea- 
sons for  this  similarity  are  discussed  on  page  33. 
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Fig.  18. — Subject  matter  in  relation  to  extension  methods,  as  indicated  in  the  adop- 
tion of  1,191  potato  practices  and  236  cotton  practices 

HORTICULTURE 

Method  demonstrations  and  adult  result  demonstrations  influenced 
a  much  higher  percentage  of  tree- fruit  practices  than  of  vegetable 
practices.  This  dijfference  is  offset  by  the  greater  influence  of  junior 
result  demonstrations,  general  meetings,  and  bulletins  with  vegeta- 
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Fig.  19. — Subject  matter  in  relation  to  extension  methods,  as  indicated  in  the  adop- 
tion of  1,073  tree-fruit  practices  and  177  vegetable  practices 


bles.  All  other  methods  were  of  practically  the  same  importance  in 
obtaining  the  adoption  of  practices  with  these  crops.  (Fig.  19.) 
The  indirect  spread  of  improved  practices  was  much  less  with  these 
crops  than  with  the  cereal,  legume,  and  special  crops,  previously 
discussed.  With  tree  fruits  the  methods  which  influenced  the  adop- 
tion of  the  largest  percentage  of  practices  are  method  demonstrations, 
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farm  visits,  result  demonstrations,  meetings,  indirect  influence,  bul- 
letins, and  news  stories.  With  vegetables  the  important  methods 
appear  in  the  following  order:  Farm  visits,  meetings,  bulletins, 
method  demonstrations,  result  demonstrations,  office  calls,  indirect 
influence,  and  news  stories. 

LIVESTOCK 

Although  there  is  considerable  similarity  in  the  influence  of  the 
various  methods  upon  the  adoption  of  poultry,  dairy,  and  swine 
practices,  there  is  greater  variation  than  for  most  farm  crops.  (Fig. 
20.)  For  poultry  the  method  demonstration  leads  in  importance 
with  21.3  per  cent  of  the  poultry  practices  involved;  next  in  order 
are  indirect  influence,  farm  visits,  meetings,  bulletins,  and  news 
stories. 
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Fig.  20. — Subject  matter  in  relation  to  extension  methods,  as  indicated  in  the  adop- 
tion of  2,439  poultry  practices,  2,503  dairy  practices,  and  1,002  swine  practices 

With  swine  the  outstanding  method  is  farm  visits,  these  having 
influenced  the  adoption  of  20.9  per  cent  of  the  improved  practices, 
followed  by  indirect  influence,  general  meetings,  office  calls,  news 
stories,  junior  result  demonstrations,  bulletins,  and  method  demon- 
strations. 

Dairy  practices  seem  to  spread  rapidly  from  one  dairyman  to 
another,  36.7  per  cent  of  the  dairy  practices  adopted  being  credited 
to  indirect  influence.  Farm  visits,  general  meetings,  news  stories, 
office  calls,  and  bulletins  are  the  only  other  methods  influencing  the 
adoption  of  any  considerable  number  of  dairy  practices.  Method 
and  result  demonstrations  influenced  fewer  dairy  practices  than 
poultry  and  swine  practices. 

MARKETING 


The  four  outstanding  methods  in  obtaining  the  adoption  of  better 
marketing  practices  were  indirect  spread,  meetings,  news  stories, 
and  farm  visits.     (Fig.  21.)     Office  calls  and  circular  letters  also 
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influenced  a  substantial  number  of  practices.  Greater  influence  from 
circular  letters  was  reported  for  marketing  than  for  any  other  subject- 
matter  line  of  work. 

RURAL  ENGINEERING 

Farm  visits  and  general  meetings  influenced  about  one-sixth  each 
of  all  the  practices  adopted  in  rural  engineering.  Method  demon- 
strations are  next  in  order,  foljowed  by  indirect  influence,  office 
calls,  bulletins,  news  stories,  extension  schools,  and  result  demonstra- 
tions. Extension  schools  had  a  greater  influence  upon  the  adoption 
of  practices  in  rural  engineering  than  in  any  other  subject-matter 
field.     (Fig.  21.) 

FOODS  AND  NUTRITION 

About  the  only  difFerence  in  effectiveness  of  the  various  methods 
on  the  adoption  of  improved  practices  in  food  preparation  and  pres- 
ervation is  the  lesser  influence  of  news  stories  and  greater  influence 
of  bulletins  and  indirect  spread  in  the  case  of  food  preservation. 
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Fig.  21. — Subject  matter  in  relation  to  extension  methods  as  indicated  in  the  adop- 
tion of  1,034  marketing  practices  and  688  rural-engineering  practices 

(Fig.  22.)  The  outstanding  method  in  both  lines  of  subject  matter 
is  the  method  demonstration,  to  which  was  attributed  approximately 
two-fifths  of  the  practices  adopted.  Next  in  order  are  news  stories, 
bulletins,  general  meetings,  indirect  spread,  result  demonstrations, 
and  home  visits. 

Six  out  of  ten  nutrition  practices  adopted  were  traced  to  method- 
demonstration  meetings  or  general  meetings.  Bulletins,  indirect 
spread,  news  stories,  and  leader-training  meetings  are  the  only  other 
methods  that  influenced  an  appreciable  percentage  of  the  nutrition 
practices  adopted.  It  is  interesting  to  compare  Figure  22  with 
Figure  23  relating  to  home  management  and  home  improvement, 
and  with  Figure  17,  relating  to  improved  legume  practices  adopted. 


HOME  MANAGEMENT  AND  HOME  IMPROVEMENT 

Because  of  the  emphasis  placed  upon  different  phases  of  subject 
matter  in  the  extension  program  and  a  slightly  different  use  of 
terminology,  the  practices  classed  under  these  two  headings  were 
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reported  largely  from  different  areas.  In  spite  of  the  widely  sepa- 
rated areas  involved  it  will  be  noted  that  the  relative  influence  of 
methods  upon  adoption  of  practices  is  practically  the  same  in  both 
subject-matter  fields.  (Fig.  23.)  The  slightly  greater  influence  of 
meetings  and  result  demonstrations  on  home-improvement  practices 
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Fig.  22. — Subject  matter  in  relation  to  extension  methods  ag  indicated  in  the  adop- 
tion of  601  food-preparation  practices,  1,859  food-preservation  practices,  and  489 
nutrition  practices 
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Fig,   23. — Subject   matter   in    relation   to    extension    methods,   as   indicated    in    the 
adoption  of  200  home-management  practices  and  154  home-improvement  practices 

is  offset  by  a  greater  influence  of  news  stories  and  indirect  spread 
upon  home-management  practices. 

More  than  half  of  the  improved  practices  adopted  in  home  man- 
agement and  home  improvement  resulted  from  meetings,  either 
method-demonstration  meetings  or  general  meetings.  Other  im- 
portant influences  were  home  visits,  bulletins,  result  demonstrations, 
indirect  spread,  news  stories,  and  leader-training  meetings. 
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CLOTHING 


Either  clothing  subject  matter  is  peculiarly  adapted  to  method 
demonstrations  or  this  method  has  received  unusual  emphasis  in 
clothing  extension,  for  nearly  3  out  of  every  5  clothing  practices 
adopted  were  attributed  to  this  teaching  agency.  (Fig.  24.)  General 
meetings,  result  demonstrations,  leader-training  meetings,  and  indi- 
rect influences  were  credited  with  having  caused  the  adoption  of 
nearly  all  the  remaining  clothing  practices.  Leader-training  meet- 
ings have  had  a  greater  direct  influence  upon  the  adoption  of  clothing 
practices  than  upon  the  practices  in  any  other  subject-matter  line- 
A  comparison  of  clothing  (fig.  24)  with  food  preparation  (fig.  22) 
brings  out  a  striking  contrast  in  the  influence  of  methods  upon  prac- 
tices in  these  different  subject-matter  lines. 
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Fig.   24. — Subject  matter  in   relation   to   extension   methods,   as   indicated   in   the 
adoption  of  2,171  clothing  practices  and  241  health  and  sanitation  practices 


HEALTH  AND  SANITATION 


In  bringing  about  the  adoption  of  better  health  and  sanitation 
practices  the  meeting  was  most  frequently  reported,  method-demon- 
stration meetings  together  with  general  meetings  accounting  for  56 
per  cent  of  the  improved  health  and  sanitation  practices  adopted. 
(Fi^.  24.)  Other  important  methods  in  this  subject-matter  field 
are  indirect  spread,  bulletins,  home  visits,  news  stories,  and  leader- 
training  meetings. 


LIKE  SUBJECT  MATTER 


Throughout  the  discussion  of  the  relationship  of  subject  matter 
and  methods  it  will  be  noted  that  where  similar  subject  matter  is 
involved  the  influence  of  the  various  teaching  methods  upon  adoption 
of  practices  follows  the  same  trend.  This  is  true  with  cereals  (fig.  16), 
legumes  (fig.  17),  and  potatoes  and  cotton  (fig.  18).    It  is  true  also 
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with  foods  and  nutrition  (fig.  22)  and  home  management  and  home 
improvement  (fig.  23). 

One  of  the  most  striking  examples  of  similarity  of  influence  of 
methods  in  different  subject-matter  lines  is  the  case  of  potatoes  and 
cotton.  (Fig.  18.)  These  two  crops  are  grown  in  widely  separated 
sections  of  the  country,  but  present  similar  extension  problems,  such 
as  use  of  commercial  fertilizer,  good  seed,  and  conti'ol  of  disease 
and  insect  pests.  The  cotton  information  was  obtained  in  Georgia 
and  Arkansas.  The  potato  information  was  obtained  in  New  York, 
New  Jersey,  South  Dakota,  and  Wisconsin.  The  data  were  collected 
by  survey  parties  made  up  of  almost  entirely  different  persons.  Sup- 
posedly different  emphasis  has  been  placed  upon  teaching  methods 
in  these  two  sections  of  the  country.  The  influences  of  the  various 
methods,  however,  are  almost  identical.    This  would  indicate  that  the 
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Fig.    25. — Subject   matter   in   relation    to   extension    methods,   as   indicated    in    the 
adoption  of  2,171  clothing  practices  and  1,191  potato  practices 

nature  of  the  subject  matter  is  an  important  factor  to  consider  in 
selecting  teaching  methods.  When  new  lines  of  subject  matter  are 
being  undertaken,  thought  may  well  be  given  to  the  teaching  methods 
that  have  been  successful  in  similar  subject-matter  fields. 

UNLIKE  SUBJECT  MATTER 


If  extension  methods  have  a  similar  influence  where  like  subject 
matter  is  concerned,  it  should  follow  that  methods  vary  in  influence 
when  unlike  subject-matter  lines  are  involved.  That  this  is  true  will 
be  shown  by  a  comparison  of  agriculture  and  home  economics  in 
Figure  15,  marketing  and  rural  engineering  in  Figure  21,  or  clothing 
and  health  and  sanitation  in  Figure  24. 

A  good  example  of  the  variation  in  effectiveness  of  methods  when 
dissimilar  subject  matter  is  involved  is  given  in  Figure  25,  where 
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clothing  and  potato  extension  are  compared.  Method  demonstrations 
influenced  twelve  times  as  many  clothing  practices  as  potato  prac- 
tices. With  adult  result  demonstrations  the  ratio  is  3  to  1  on  the 
side  of  potatoes.  News  stories  were  six  times  as  effective  with 
potatoes  as  with  clothing.  Farm  visits  influenced  more  than  three 
times  as  many  potato  practices  as  clothing  practices.  Office  calls 
influenced  ten  times  as  many  potato  practices  as  clothing  practices. 
Sixty  times  as  many  clothing  practices  as  potato  practices  were 
traced  directly  to  leader-training  meetings.  Indirect  spread  was 
nearly  seven  times  as  great  with  potatoes  as  with  clothing.  The 
smaller  influence  of  adult  result  demonstrations,  news  stories,  and 
home  visits  upon  the  adoption  of  clothing  practices  as  compared 
with  their  influence  on  potato  practices  may  be  partly  due  to  lack 
of  emphasis  upon  these  methods  as  well  as  to  poorer  adaptability  of 
clothing  subject  matter  to  the  use  of  these  methods.  With  more 
experience  it  may  be  possible  to  write  news  items  about  clothing 
that  will  be  more  effective  in  influencing  the  adoption  of  clothing 
practices. 

Where  success  attends  the  use  of  certain  methods  with  a  particular 
subject-matter  line,  it  does  not  follow  that  equal  results  will  be  ob- 
tained from  the  same  methods  when  employed  in  another  and 
somewhat  different  subject-matter  line  of  Avork.     •     . 

EXPOSURES  AND  TAKES 

The  relative  influence  of  the  various  extension  methods,  as  con- 
sidered thus  far,  makes  no  alloAvance  for  the  emphasis,  or  lack  of 
emphasis,  placed  upon  the  individual  methods  by  extension  workers. 
A  comparison  of  the  true  Avorth  of  the  different  methods  must  take 
into  consideration  the  percentage  of  farmers  exposed  to  those  meth- 
ods as  w^ell  as  the  percentage  of  farmers  influenced  by  them. 
Special  studies  of  individual  projects  made  in  three  areas  throw 
some  light  upon  this  point.  Data  are  available  from  424  alfalfa 
growers  in  one  area  (6'),  192  dairy  farmers  in  another  area  {17), 
and  from  612  poultry  keepers  in  a  third  area  (/^),  regarding  the 
extent  to  which  they  have  been  exposed  to  and  influenced  by  the 
various  means  employed  in  extending  the  three  lines  of  subject- 
matter  information. 

ALFALFA   PROJECT 

In  the  alfalfa  project  in  Wisconsin  the  methods  to  which  the  larg- 
est proportion  of  growers  were  exposed  were  meetings,  news  stories, 
bulletins,  and  indirect  influence.  (Fig.  26.)  The  methods  reaching 
the  fewest  number  of  alfalfa  growers  were  leader  training,  telephone 
calls,  method  demonstrations,  exhibits,  office  calls,  correspondence, 
and  farm  visits.  That  information  was  acquired  which  was  later 
used  in  alfalfa  grooving  was  reported  by  75  per  cent  of  the  farmers 
attending  alfalfa  meetings.  Sixty  per  cent  of  the  farmers  seeing 
alfalfa  demonstrations  were  influenced  to  grow  alfalfa  better  by 
what  they  saw.  Information  actually  used  was  acquired  from  55 
per  cent  of  the  exposures  to  indirect  influences,  46  per  cent  of  the 
exposures  to  farm  visits,  44  per  cent  of  the  exposures  to  news  stories, 
and  37  per  cent  of  the  exposures  to  bulletins. 
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DAIRY  PROJECT 

In  New  Jersey  the  dairy-extension  methods  to  which  more  than 
half  of  the  192  dairymen  on  adjoining  farms  had  been  exposed  were 
exhibits,  news  stories,  bulletins,  circular  letters,  farm  visits,  and 
general  meetings,  with  indirect  influence  not  far  behind.  (Fig.  27.) 
The  information  gained  as  a  result  of  exposure  carried  over  into 
practice  in  the  largest  proportion  of  instances  in  the  case  of  indirect 
influence,  farm  visits,  general  meetings,  bulletins,  office  calls  and 


Fig.  26. — Adoption  of  practices  by  424  alfalfa  growers,  as  related  to  exposures  to 

methods 

result  demonstrations.  The  exposures  having  the  least  influence 
upon  the  adoption  of  dairy  practices  were  leader  training,  telephone 
calls,  correspondence,  method  demonstrations,  exhibits,  circular  let- 
ters, and  ncAvs  stories. 

POULTRY  PROJECT 

The  extension  news  story,  bulletins,  indirect  influence,  exhibits, 
general  meetings,  and  method  demonstrations  were  the  means  and 
agencies  employed  iii  poultry  extension  to  which  more  than  20  per 
cent  of  the  612  poultry  keepers  in  Ohio  had  been  exposed.     (Fig.  28.) 
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More  than  10  per  cent  of  the  farmers  keeping  poultry  had  seen 
poultry  result  demonstrations,  heard  radio  talks,  received  circular 
letters,  or  had  had  farm  visits  relating  to  poultry.  The  information 
put  into  practical  use  most  frequently  was  obtained  from  method 
demonstrations,  indirect  influence,  bulletins,  general  meetings,  farm 
visits,  circular  letters,  and  news  stories.  Exhibits,  personal  letters, 
and  telephone  calls  were  least  effective. 

RATIO  OF  TAKES  TO  EXPOSURES 

The  percentages  of  farmers  exposed  to  the  various  methods  used 
in   alfalfa,  dairy,  and  poultry  extension  vary  widely  because   of 


/^^r/^o/p 


a         /<$•       ^^        S2        ^O       ^ff        SS       ff'^ 


Af£-/Er/A^O'S' 


/i^/^<^  src?^/£^cr 


^6/AA^T/A^^ 
C/yeC6/Ay^^ 


23.^ 

3S.S 
3.3 

22.^ 

S<3.2 
S.2 

/S.3 


2.& 


7as 

2./ 


SS.3 
2ff.ff 


S.2 


22.^ 


S.3 


S./ 


^V\V\V\V\V\\\\VVVVVVV\VV^\V^^^^ 


— I \ 1 


T 1 r 


VVvVXWWV^T^^^^ 


N\\\\\\\\\\\\^<:^:^^^s^ 


^s\ss\s\s\\\\\\s\\\\\\s\\\s\\\\s\sss\^ 


X\\\\\\\\\\\\\\\\\\\\\\\\\\\>1 


,\s\s\\s\\\s\\\s\\\\\\\s\\\\s\\\\sss\\\ss^ 


\VV\\^\\VvVVVVsVVVVH 


.VvWVVVV'vJ 


^SS^^^ 


SS3 


3 


^WWWWWSH 


Fig.  27. — Adoption  of  practices  by  192  dairy  farmers,  as  related  to  exposures  to 

methods 


differences  in  subject  matter  and  the  emphasis  placed  upon  the 
different  methods  in  the  three  areas.  (Table  6.)  The  proportion  of 
takes  to  exposures  is  somewhat  similar,  however,  in  a  number  of 
cases.  Result  demonstrations,  general  meetings,  bulletins,  farm 
visits,  office  calls,  and  indirect  influences  were  relatively  about  as 
effective  in  extending  poultry  as  in  extending  dairy  or  alfalfa  sub- 
ject matter.  Exhibits  were  ineffective  means  of  extending  informa- 
tion in  all  cases,  as  was  also  true  of  correspondence  and  telephone 
calls.     Method   demonstrations,  news   stories,   and   circular  letters 
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were  much  less  effec- 
tive in  dairy  extension 
than  in  either  alfalfa 
or  poultry  extension. 
On  the  whole  it  ap- 
pears that  those  means 
and  agencies  adapted 
to  reaching  large  num- 
bers of  people,  such  as 
method  -  demonstration 
meetings,  general  meet- 
ings, news  stories,  bul- 
letins, and  circular 
letters  were  about  as 
effective  as  those 
methods  to  which  only 
a  small  number  can 
be  readily  exposed, 
such  as  result  demon- 
strations, farm  visits, 
and  office  calls.  Even 
though  less  effective, 
one  method  frequently 
may  have  a  much 
greater  total  influence 
than  another  method, 
because  of  the  greater 
number  of  people 
reached.  For  example, 
bulletins  influenced 
four  times  as  many 
farmers  to  grow  alfalfa 
distribution  of  bulletins. 
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Fig.   28. — Adoption  of  practices  on  612  poultry  farms, 
as  related  to  exposures  to  methods 

as  did  farm  visits,  as  a  result  of  the  wider 


Table  6. — Comparative  effectiveness  of  extension  methods  as  indicated  hy 
adoption  of  improved  practices  by  424  alfalfa  growers,  192  dairymen,  and 
612  poultry  keepers 


Method 

Percentage  of  farmers 
exposed  to  methods 

Percentage  exposed  who  were 
influenced 

Alfalfa 

Dairy 

Poultry 

Alfalfa 

Dairy 

Poultry 

Method  demonstrations 

2.8           23.4 
16.5            33.3 

69.8  52.6 

59.9  68.2 
39.4  !          66.7 
24.3  1          59.9 

5.0  70.8 
8.2            68.3 
5.4  !          19.8 

6.1  ;          22.4 

1.2  1            8.3 
.5               3. 1 

22.2 

12.7 

30.1 

41.7 

38.2 

15.7 

32.0 

10.8 

5.9 

2.9 

2.6 

2.1 

2.1 

1.1 

17.6 

32.8 

16.7 
61.4 
75.3 
44.1 
37.1 
20.4 

4.8 
45.7 
13.0 

7.7 

0 

0 
100 

4.4 
25.0 
42.6 

7.6 
28.1 

4.3 

2.9 
45.5 
26.3 

0 

0 

0 

66.9 

Result  demonstrations 

43.6 

General  meetings.. 

News  stories 

36.4 
21.2 

Bulletins 

Circular  letters 

55.1 
28.1 

Exhibits.. 

Farm  visits 

2.6 
30.3 

Office  calls 

Correspondence 

16.7 
5.6 

Telephone 

6.2 

Leader  training 

30.8 

Extension  schools 

■' 

23.1 

Study  courses. 

14.3 

Radio 

..'..'  "\".     

14.8 

Indirect 

39.9            41.1 

65.6 

51.9 

69.7 
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From  the  high  or  low  proportion  of  takes  to  exposures  it  does 
not  necessarily  follow  that  a  method  should  receive  greatly  in- 
creased emphasis  or  be  discarded  altogether.  The  interrelation- 
ship of  methods,  distribution  of  labor  of  extension  workers,  and 
cost  of  100  exposures  to  the  different  methods  must  be  considered. 
The  result  demonstration  and  the  farm  visit  may  be  essential 
in  establishing  the  local  proof  and  confidence  that  make  possi- 
ble high  returns  from  meetings  and  news  stories.  Result  dem- 
onstrations in  crop  production  must  be  started  during  the  plant- 
ing season  and  yield  data  obtained  at  harvest  time.  The  number 
of  such  demonstrations  is  limited  to  the  number  that  can  be 
handled  at  these  two  seasons  of  the  year.  The  cost  of  100  ex- 
posures should  be  much  less  for  news  stories  and  bulletins  than 
for  meetings  and  method  demonstrations,  and  less  for  these  last  two 
than  for  farm  or  home  visits  and  result  demonstrations. 

In  practice  the  extension  worker  should  consider  the  methods  to 
be  employed  for  each  new  task.  The  time  available,  the  adapta- 
bility of  methods  to  the  particular  job,  the  possibilities  of  reaching 
the  desired  number  of  people  by  means  of  certain  methods,  the 
necessity  of  establishing  local  proof  and  increased  confidence,  and 
the  interrelationship  of  the  methods  selected,  are  all  points  to  be 
considered  if  the  task  is  to  be  ]3erformed  efficiently. 

KNOWLEDGE  OF  PRACTICES  MUST  PRECEDE  THEIR  ADOPTION 

Farmers  and  farm  women  must  first  be  informed  regarding  the 
improved  agricultural  and  home-economics  practices  being  taught 
by  the  extension  service  before  there  can  be  any  acceptance  of  these 
better  practices.  Seed  must  be  planted  before  germination  and 
plant  growth  can  take  place.  Through  attendance  at  meetings, 
reading,  personal  contact  with  extension  workers,  or  through  their 
neighbors,  the  individuals  learn  of  the  service  available  through  co- 
operative extension.  The  existing  want,  coupled  with  the  necessary 
information,  may  then  result  in  the  adoption  of  better  practices. 

CONTACT   WITH   EXTENSION   WORKERS 

Where  some  member  of  the  farm  family  had  attended  an  ex- 
tension meeting,  conducted  a  result  demonstration,  or  had  been  in 
direct  personal  contact  with  extension  workers  through  correspond- 
ence, farm  visits,  or  office  calls,  more  than  four  times  as  many 
practices  per  100  farms  were  adopted  as  was  true  in  those  families 
with  which  no  direct  contacts  of  any  kind  had  been  made.  (Fig.  29.) 
This  again  emphasizes  the  importance  of  the  proper  utilization  of 
teaching  methods  which  make  possible  the  reaching  of  large  numbers 
of  people. 

MAJOR  PROJECTS  IN  EXTENSION  PROGRAM 

Another  point  to  consider  in  this  connection  is  the  character  of  the 
extension  program  in  a  given  area  over  a  period  of  years.  Where 
but  70  per  cent  of  the  farmers  are  dairymen  a  program  relating 
exclusively  to  dairying  can  not  possibly  influence  more  than  70  per 
cent  of  the  2,000  or  more  farmers  in  the  county.    If  the  fruit  and 
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dairy  farmers  combined  equal  but  80  per  cent  of  the  total,  this  is  the 
maximum  number  that  can  adopt  improved  dairy  and  fruit  practices. 
In  Figure  30  the  areas  studied  have  been  arranged  according  to  the 
number  of  major  lines  of  subject-matter  work  carried  in  the  exten- 
sion programs  over  a  period  of  years,  a  major  project  being  arbitra- 
rily defined  for  the  purpose  of  the  study  as  one  in  connection  with 
which  practices  were  reported  adopted  to  date  of  study  by  at  least 
10  per  cent  of  the  farmers  or  farm  women.  There  is  a  decided 
tendency  for  the  number  of  all  practices  adopted  as  a  result  of  exten- 
sion effort  to  increase  with  the  number  of  major  projects.  Apparently 
continued  emphasis  upon  a  small  number  of  lines  of  work  results  in 
a  small  total  accomplishment,  becauseof  the  limited  number  of  people 
reached.  This  does  not  mean  that  an  agent  must  carry  a  large  number 
of  major  projects 
in  any  one  year, 
but  that  emphasis 
should  be  shifted 
from  time  to  time 
to  insure  that  dur- 
ing a  term  of  years 
the  extension  pro- 
gram is  such  as 
vitally  to  affect 
practically  all  of 
the  2,000  or  more 
farms  and  farm 
homes  in  the  county. 

The  range  of  sub- 
ject matter  repre- 
sented in  the  ex- 
tension program  for 
a  single  year,  of 
course,  might  be  so 
great  as  to  result 
in  few  or  no  proj- 
ects assuming  ma- 
jor importance.  It 
would  seem  that  the  extremely  narrow  and  the  extremely  wide  exten- 
sion programs  should  be  avoided  in  the  interest  of  maximum  adoption 
of  improved  practices. 

The  number  of  major  projects  carried  in  the  various  areas  studied 
would  seem  to  have  depended  more  upon  organization  of  the  work, 
local  leadership,  and  similar  factors,  than  upon  size  of  the  extension 
personnel. 
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-9. — Contact  with  extension  worlcers  as  related  to  adop- 
tion of  practices 


ADULT  AND  JUNIOR  EXTENSION  METHODS  COMPARED 

County  club  agents  working  primarily  with  boys  and  girls  were 
employed  in  addition  to  county  agricultural  agents  in  the  State  in 
which  the  special  dairy  project  study  was  made.  It  is  of  interest  to 
note  how  the  methods  employed  in  junior  and  adult  extension  com- 
pare in  effectiveness  as  measured  by  influence  upon  dairy  practices. 
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Considering  the  percentage  of  farmers  using  the  information  obtained 
from  the  methods  to  which  they  were  exposed,  it  is  evident  that  farm 
visits  were  about  equally  effective  whether  relating  to  adult  or  to 
junior  work.  (Table  7.)  This  was  also  true  of  general  meetings  and 
news  stories.    Dairy  result  demonstrations  seem  to  have  been  more 
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Fig.  30. — Number  of  major  projects  in  relation  to  effectiveness  of  extension 

effective  when  conducted  by  boys  and  girls  under  the  direction  of 
the  club  agent  than  when  conducted  by  farmers  under  the  direction 
of  the  county  agent.  Office  calls  relating  to  adult  work  were  more 
effective  than  office  calls  relating  to  junior  work.  Exhibits  were  not 
particularly  effective  in  influencing  the  adoption  of  improved  dairy 
practices,  whether  relating  to  adult  or  to  junior  extension. 
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Table  7.- 


-Comparison  of  adult  extension  and  junior  extension  methods,  based 
on  information  from  192  dairy  farmers  in  one  State 


Method 

Percent^e  of  dairy 
farmers  exposed 
to  method 

Percentage  of  those 
exposed    influ- 
enced by  method 

Percentage    of    all 
farmers  influenced 
by  method 

Adult 
extension 

Junior 
extension 

Adult 
extension 

Junior 
extension 

Adult 
extension 

Junior 
extension 

12.5 
15.1 
39.6 
58.9 
64.1 
54.7 
33.9 
48.4 
18.2 
18.7 
1.6 
6.2 
33.3 

22.9 
29.7 
38.0 
44.8 
18.7 
26.0 
67.7 
43.7 
12.0 
13.5 
3.1 
6.8 
25.0 

4.5 
24.6 
35.6 

6.9 

1.0 

Result  demonstrations 

13.8 
35.5 

8.0 
29.3 

4.8 



2.1 
14.1 

4.7 
18.7 

2.6 

7.3 

General  meetings 

13.5 

News  stories 

3.1 

Bulletins 

Circular  letters -  -      .  ..    . 

Exhibits 

3.1 
35.7 
4.3 

2.1 

Farm  visits 

41.9 
25.7 

20.3 
4.7 

15.6 

Oifice  calls 

0.5 

Correspondence 

Telephone  calls 

Indirect 

50.0 

35.4 

16.7 

8.8 

Total! 

84.9 

79.7 

57.7 

41.8 

49.0 

33.3 

1  Includes  all  farmers  who  have  been  exposed  to  or  influenced  by  one  or  more  of  the  methods  listed. 

Considering  all  methods,  about  the  same  proportion  of  farmers 
were  exposed  to  junior  extension  methods  as  to  adult  extension 
methods,  79.7  per  cent  as  compared  with  84.9  per  cent.  Adult  exten- 
sion methods  were  approximately  40  per  cent  more  effective  however. 
The  percentage  of  takes  to  exposures  was  57.7  for  adult  methods 
as  contrasted  to  41.8  for  junior  methods.  Again  attention  is  called 
to  the  influence  of  club  work  upon  the  individual  boys  and  girls, 
future  farmers  and  farm  women,  which  is  not  considered  in  this 
study. 

RESULTS  IN  RELATION  TO  EFFORT 

The  final  t€st  of  the  efficiency  of  any  means  and  agency  employed 
in  commercial  salesmanship  is  the  cost  per  unit  of  product  sold. 
Similarly,  the  effort  expended  on  the  various  methods  employed  in 
extension  as  well  as  the  return  from  these  methods  must  be  considered 
in  determining  their  relative  efficiency.  As  no  records  have  been 
kept  in  any  of  the  States  incjuded  in  the  studies  to  show  what  pro- 
portion of  the  extension  worker's  time  is  devoted  to  the  various 
methods  employed  in  extension  teaching,  it  is  necessary  to  use  the 
estimates  of  extension  workers. 

Because  of  the  comparatively  small  number  of  areas  involved  in  the 
studies  and  the  frequent  changes  in  personnel  of  county  extension 
workers  estimates  have  been  obtained  from  417  county  extension 
agents  and  125  subject-matter  specialists  in  12  of  the  States  in 
which  studies  have  been  made,  in  order  that  the  law  of  averages 
may  offset  any  errors  in  judgment  of  individual  agents  and  unusual 
local  conditions  existing  during  the  year  for  which  the  estimates 
were  made. 

In  furnishing  the  estimates,  extension  workers  were  asked  to 
charge  to  each  method  only  the  time  actually  devoted  to  spreading 
subject-matter  information  by  that  means.  Where  circular  letters, 
correspondence,  telephone  calls,  and  similar  agencies  were  employed 
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primarily  to  announce  meetings,  arrange  for  result  demonstrations, 
transmit  news  stories,  or  make  engagements  for  farm  visits  or  office 
calls,  the  time  was  charged  to  these  means  rather  than  to  circular 
letters,  correspondence,  or  telephone  calls. 

Since  the  numbers  of  estimates  furnished  by  subject-matter  spe- 
cialists and  county  extension  workers  bear  about  the  same  rejation- 
ship  to  one  another  as  the  numbers  of  those  two  groups  of  extension 
workers  employed  in  the  States  inv^olved,  it  has  not  been  necessary 
to  weight  the  estimates. 

In  Figure  31  the  percentage  of  time  devoted  to  tlie  various  exten- 
sion methods,  exclusive  of  the  time  spent  on  reports  and  similar 

routine  matters,  is 
contrasted  with  the 
percentage  of  prac- 
tices ascribed  to  the 
influence  of  the  same 
methods  by  the  men 
and  women  on  the 
8,738  farms  studied. 
For  the  purpose  of 
this  comparison  in- 
direct influence  has 
been  distributed  jDro- 
portionately  among 
the  other  methods, 
and  the  whole  cor- 
rected to  the  basis 
of  100  per  cent  equals 
the  total  influence 
of  all  methods.  If 
it  may  be  assumed 
that  the  average  of 
the  estimates  of  542 
extension  workers  is 
a  fair  index  of  the 
effort  expended  upon 
the  various  means 
and  agencies  and  the 
opinions  of  the  men 
and  women  on  8,738 
nonselected  farms  is 
a  satisfactory  index  of  the  returns  from  these  methods,  then  15.4 
per  cent  of  extension  workers'  time  devoted  to  method  demonstrations 
obtained  19.3  per  cent  of  the  total  results.  A  return  of  8.5  per 
cent  of  the  practices  adopted  resulted  from  15.6  per  cent  of  time 
devoted  to  adujt  and  junior  result  demonstrations.  To  general  meet- 
ings requiring  11.4  per  cent  of  the  extension  workers'  time  was 
credited  17.5  per  cent  of  the  results  accomplished.  The  writing  of 
news  stories,  the  interviewing  of  local  editors,  and  similar  activities 
took  3.7  per  cent  of  extension  time  and  effected  13  per  cent  of 
extension  results. 

Bulletins  were  credited  with  8.3  per  cent  of  the  results  and  re- 
quired but  2.5  per  cent  of  the  time  of  extension  workers.    No  allow- 
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Fig.  31. — Practices  adopted  as  related  to  time  spent  on 
methods,  as  indicated  in  the  adoption  of  27,032  practices 
on  8,738  farms  in  12  States 
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ance  is  made  for  the  time  of  experiment-station  workers  spent  on 
bulletins  given  extension  distribution.  This  comparison  is  on  a  less 
satisfactory  basis  than  others  presented  here,  since  bulletin  writing 
is  done  largely  by  experiment-station  workers. 

The  preparation  and  mailing  of  circular  letters  account  for  2.9 
per  cent  of  the  extension  workers'  time  and  1.9  per  cent  of  total 
accomplishments.  Exhibits  received  nearly  4  per  cent  of  the  atten- 
tion and  returned  less  than  0.8  per  cent  of  the  results. 

Approximately  one-seventh  of  the  extension  workers'  time  was 
spent  on  farm  or  home  visits,  and  about  one-sixth  of  the  results  was 
credited  to  this  means. 

Farmers  and  farm  women  calling  at  the  extension  office  required  6 
per  cent  of  the  workers'  time,  and  to  this  means  was  ascribed  8.6 
per  cent  of  the  practices  adopted.  Correspondence  other  than  cir- 
cular letters  took  up  6.2  per  cent  of  the  time  and  accomplished  1.6 
per  cent  of  the  results.  Extension  schools  required  2.1  per  cent  of 
time  and  were  credited  with  1  per  cent  of  the  practices  adopted. 

The  training  of  local  extension  leaders  required  4.2  -  per  cent  of 
the  agents'  and  specialists'  time  and  influenced  1.2  per  cent  of  the 
practices.  As  most  of  the  leader-training  work  consists  of  teaching 
leaders  how  to  repeat  method  demonstrations  the  efficiency  of  this 
means  might  well  be  considered  with  method  demonstrations.  Tele- 
phone calls  occupied  2.1  per  cent  of  the  extension  workers'  time 
and  produced  0.5  per  cent  of  the  results. 

In  order  to  show  more  clearly  the  differences  in  efficiency  of  these 
various  methods,  they  are  compared  on  the  basis  of  the  ratio  of 
percentage  of  practices  adopted  to  percentage  of  time  required  in 
Figure  32.  One  unit  of  time  devoted  to  news  stories  influenced  the 
adoption  of  three  times  the  practices  a  corresponding  unit  of  time 
devoted  to  farm  visits  produced  and  more  than  fifteen  times  the  re- 
sults obtained  for  the  same  amount  of  time  devoted  to  exhibits.  The 
greater  returns  per  unit  of  time  from  news  stories  and  bulletins  than 
from  other  extension  methods  is  doubtless  related  to  the  greater 
number  of  people  exposed  to  these  agencies.  This  alone  is  not  a 
satisfactory  explanation,  however,  since  exhibits  and  circular  lettei^ 
are  also  adapted  to  reaching  large  numbers.  In  addition  to  news 
stories  and  bulletins,  the  other  methods  returning  one  or  more  units 
of  results  per  unit  of  time  expended  are  general  meetings,  office  calls, 
method  demonstrations  and  leader  training,  and  farm  or  home 
visits. 

The  individual  county  extension  agent  or  subject-matter  specialist 
is  primarily  concerned  in  employing  his  time  most  efficientlj^  Those 
charged  Avith  the  administration  of  extension  moneys  are  also  inter- 
ested in  the  relative  cost  of  the  various  means  and  agencies  employed 
in  extension  teaching.  They  are  continually  confronted  with  the 
question  of  the  allotment  of  funds  for  various  purposes.  Should 
travel  expenses  to  attend  meetings  and  to  make  farm  and  home  visits 
be  reduced  in  order  to  employ  another  county  worker  or  subject- 
matter  specialist?  Or  should  the  size  of  the  personnel  be  reduced 
and  more  funds  devoted  to  printing  bulletins  ?  A  preliminary  study 
of  extension  costs  ^  in  these  same  States  indicates  that  the  time  cost 

8  Baker,  H.  J.,  and  Wilson,  M.  C.  relative  cost  of  extension  methods.  [Unpub- 
lished data.] 
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of  the  trained  extension  worker  is  a  fairly  accurate  guide  to  the 
total  extension  cost  of  most  means  and  agencies.  In  the  case  of  bul- 
letins, however,  costs  other  than  personnel  costs  were  found  to  be 
relatively  high.  In  consideration  of  all  costs,  the  news  story  remains 
the  most  economical  means  of  influencing  farmers  and  farm  women 
to  adopt  better  practices  and  is  followed  by  general  meetings  and 
office  calls.  Bulletins  take  a  lower  place  in  the  scale  but  still  are 
above  the  average  in  effectiveness.  The  cost  of  circular  letters  is  so 
low  as  to  make  them  compare  favorably  with  farm  visits  and  method 
demonstration   meetings   on   the   basis   of   total   cost   per   practice 

changed,  even  though 
they  are  credited 
with  having  helped 
to  bring  about  but  a 
small  percentage  of 
the  improved  prac- 
tices adopted. 

From  the  fore- 
going comparisons  of 
the  efficiency  of  ex- 
tension methods  it 
does  not  necessarily 
follow  that  an  exten- 
sion worker  can  de- 
vote unlimited  time 
to  news  stories,  office 
calls,  circular  letters, 
or  other  of  the  more 
efficient  methods 
without  decreased  re- 
turns per  unit  of 
time.  It  would  seem 
wise,  however,  for 
extension  workers  to 
place  as  great  em- 
phasis as  circum- 
stances will  permit 
upon  those  means  and 
agencies  which  yield 
the  largest  return 
upon  the  time  invested,  other  costs  considered.  Certainly  these  meth- 
ods should  not  be  minimized  or  overlooked.  Other  considerations  be- 
sides obtaining  the  adoption  of  the  better  practices  being  taught 
may  frequently  be  the  controlling  factors  in  determining  the  amount 
of  time  and  money  to  be  spent  on  the  various  means  and  agencies 
employed. 

SUMMARY 


Fig.  32. — Comparative  efficiency  of  methods,  as  indicated 
in  the  adoption  of  27,032  practices  on  8,738  farms  in  12 
States 


Wide  differences  in  extension  accomplishment  as  measured  by  its 
influence  upon  farm  and  home  practices  are  indicated  by  the  field 
studies  made  in  representative  areas  throughout  the  country. 
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Approximately  93  out  of  100  practices  reported  adopted  were 
credited  to  method  and  result  demonstrations,  general  meetings,  news 
stories,  bulletins,  farm  or  home  visits,  office  calls,  and  indirect  spread 
of  influence.  The  credit  for  the  7  per  cent  of  practices  remaining 
was  distributed  among  circular  letters,  exhibits,  radio  talks,  corre- 
spondence, extension  schools,  leader -training  meetings,  telephone 
calls,  posters,  and  study  courses. 

The  character  of  the  subject  matter  apparently  influences  the 
choice  of  methods  employed  and  their  effectiveness.  Where  like 
subject-matter  lines  are  involved  the  same  methods  have  a  similar 
influence  upon  the  practices  adopted.  Where  unlike  subject-matter 
lines  are  compared  there  is  strong  contrast  in  the  proportion  of 
practices  ascribed  to  the  different  methods  employed. 

Unless  the  character  of  the  extension  program  during  a  period  of 
years  in  a  given  area  is  such  as  to  touch  vitally  a  high  percentage  of 
the  farms  and  homes,  the  possibility  of  influencing  the  practices  of 
large  numbers  of  people  is  greatly  limited. 

Methods  like  meetings  and  news  stories,  although  slightly  less 
effective,  reach  many  more  people  than  do  methods  like  farm  visits 
and  result  demonstrations. 

The  relative  percentage  of  practices  adopted  as  a  result  of  the 
use  of  a  particular  extension  method  may  not  be  a  true  measure  of 
the  worth  of  that  method  in  all  cases,  as  the  results  may  be  expressed 
indirectly  or  in  terms  of  other  closety  related  methods. 

The  influence  of  method  demonstrations,  news  stories,  office  calls, 
and  the  indirect  spread  from  one  neighbor  to  another  seem  to  be 
more  closely  associated  with  total  extension  accomplishment  than  the 
returns  from  other  extension  methods. 

A  unit  of  extension  workers'  time  spent  on  preparing  news  stories 
and  interviewing  local  editors  influenced  the  adoption  of  three  times 
as  many  practices  as  a  corresponding  unit  of  time  spent  on  farm  or 
home  visits,  and  fifteen  times  as  many  practices  as  a  unit  of  time 
devoted  to  extension  exhibits. 

A  unit  of  time  spent  on  farm  and  home  visits  was  three-fourths 
as  effective  as  a  unit  of  time  spent  on  general  meetings  and  nearly 
twice  as  effective  as  a  corresponding  amount  of  time  spent  on  result 
demonstrations. 

Time  spent  on  circular  letters  was  much  more  effective  than  time 
spent  on  individual  correspondence. 

HOW  MAY  THE   EXTENSION   WORKER   INCREASE   HIS 
EFFECTIVENESS? 

As  all  extension  workers  are  interested  in  using  their  time  in  such 
a  manner  as  to  result  in  the  greatest  net  good  to  the  greatest  number 
of  people,  the  question  is  frequently  raised:  How  can  a  particular 
specialist  or  county  extension  agent  increase  his  effectiveness? 

Because  of  the  exceedingly  complex  character  of  the  extension  job, 
the  variation  in  local  situations,  personality  of  workers,  length  of 
time  an  extension  program  has  been  under  way  in  the  area,  character 
and  stage  of  development  of  the  program,  and  innumerable  other 
factors,  it  is  impossible  to  outline  a  simple  set  of  directions  for  all 
extension  agents. 
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Reliable  information  regarding  what  is  actually  taking  X3lace  in 
the  field  in  extension,  the  relationship  between  causes  and  effects, 
the  relative  value  of  extension  teaching  methods,  and  similar  prob- 
lems is  of  course  fundamental  to  intelligent  improvement. 

In  the  light  of  the  data  made  available  through  the  extension 
studies  which  have  been  conducted  to  date  the  following  are  some 
of  the  points  which  should  receive  consideration  in  connection  with 
any  attempt  to  increase  the  effectiveness  of  extension  as  measured 
by  its  influence  upon  the  adoption  of  improved  farm  and  home 
practices : 

(1)  Range  of  interests  affected,  l)y  the  extension  proffram. — If  the  number  of 
people  interested  in  the  extension  program  is  small  the  efforts  of  the  extension 
worker  will  not  be  successful  in  influencing  the  adoption  of  practices  by  a 
large  percentage  of  the  farmers  and  farm  women  residing  in  the  area  involved. 
Though  almost  axiomatic,  this  point  is  often  overlooked  by  extension  workers. 

(2)  The  satisfaction  likely  to  follow  the  adoption  of  the  recommended  prac- 
tices.— Unless  the  economic  return  or  other  satisfaction  resulting  from  the 
new  practice  is  commensurate  with  the  effort  or  inconvenience  involved  in  its 
adoption  there  will  be  little  indirect  spread  from  one  neighbor  to  another. 
Indirect  spread  accounts  for  nearly  one-fourth  of  the  adoption  of  extension 
practices. 

(3)  The  adaptaMlity  of  the  teacliing  metlwds  employed  to  the  suhject 
matter  involved. — The  same  methods  are  not  equally  effective  in  agriculture 
and  home  economics,  in  crop  production,  livestock  production,  and  marketing, 
or  in  canning,  home  management,  and  clothing. 

(4)  The  stage  of  development  of  the  project. — If  sufficient  proof  exists  re- 
garding the  local  applicability  of  a  given  practice,  time  spent  in  establishing 
additional  local  proof  is  largely  wasted. 

(5)  The  suitability  of  the  various  means  and  agencies  for  exposing  a  large 
numher  of  people  to  extension  teaching. — Before  people  can  be  influenced  to  put 
into  practical  use  some  new  practice  they  must  be  informed  regarding  that 
practice.  Circular  letters,  exhibits,  news  stories,  and  meetings  naturally  reach 
more  people  than  do  farm  visits,  office  calls,  and  individual  correspondence. 

(6)  The  prohaMe  ratio  of  takes  to  exposures. — A  means  of  informing  large 
numbers  of  people  regarding  better  practices  which  is  at  the  same  time  effec- 
tive in  a  large  percentage  of  cases  in  influencing  the  acceptance  of  those 
practices  may  well  be  chosen  in  preference  to  another  means  proportionately 
no  more  effective,  and  which  reaches  but  a  few  people. 

(7)  The  prohaMe  returns^  per  unit  of  time  devoted  to  methods. — In  addition 
\o  the  number  of  people  exposed  to  better  practices  through  the  different 
methods  of  teaching  and  their  relative  effectiveness  in  bringing  about  the 
acceptance  of  the  practices  taught,  consideration  must  be  given  to  the  amount 
of  time  required  by  these  methods  if  an  extension  worker  desires  to  use  his 
time  most  effectively. 

(8)  The  interdependence  of  the  metlwds  selected. — The  different  means  and 
agencies  employed  should  be  so  selected  that  they  supplement  one  another  and 
provide  for  proper  distribution  of  labor  by  the  extension  agent. 
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EARLY  FOOD  INVESTIGATIONS 

Since  the  beginning  of  history  much  interest  has  centered  around 
the  food  habits  of  mankind.  The  earliest  records  are  contained  in 
the  laws  of  primitive  people  prescribing  more  or  less  rigid  rules  of 
diet.  Many  books  of  travel,  ancient  and  modern,  reflect  this  same 
interest  in  the  descriptions  of  the  food  habits  of  foreign  peoples. 
Though  these  may  give  a  good  picture  of  the  type  of  food  eaten  in 
various  countries  and  methods  of  preparation,  they  are  in  the  main 
based  on  opinions  and  impressions  gathered  hastily  and  oftentimes 
colored  by  prejudice.  At  best  this  is  purely  qualitative  information. 
To-day  the  demand  is  for  data  on  food  habits  that  can  be  expressed 
quantitatively. 

Interest  in  quantitative  food  data  began  to  develop  somewhat  over  a 
hundred  years  ago  in  connection  wdth  standard-of-living  studies  in 
Europe.  Since  then  a  great  deal  of  material  has  been  collected  in  the 
United  States  as  well  as  in  other  countries,  but  analysis  of  the  data  in 
terms  of  welfare  is  almost  negligible. 

Eden  {Sy  in  1797  published  a  description  of  the  life  of  about  100 
poor  families  in  England.  The  amount  which  each  family  expended 
for  six  or  seven  food  groups  is  shown.     About  the  middle  of  the 

^  Reference  is  made  by  italic  numbers  in  parentheses  to  "  Literature  cited,"  page  19. 
21810°— 29 1  2 
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nineteenth  century  LePlay  {G)  described  in  great  detail  the  way  54 
workingmen's  families  in  various  countries  lived,  and  gave  informa- 
tion on  the  amount  and  value  of  the  food  consumed.  Ducpetiaux  [2) 
about  the  same  time  reported  on  the  standards  of  living,  including, 
amount  expended  for  various  foods,  for  199  Belgian  families  taken 
from  three  income  levels — dependent,  self-supporting  but  saving  noth- 
ing, and  self-supporting  with  surplus.  In  all  of  these  reports  each 
family  was  treated  as  a  unit.  Eden  and  LePlay  made  no  attempt  to 
classify  or  to  summarize  their  data.  Ducpetiaux,  on  the  other  hand, 
made  an  elaborate  classification  of  the  expenditures  of  the  families 
studied  by  him  but  did  not  summarize  the  material. 

In  1857  Engel  (4),  as  head  of  the  Saxon  Statistical  Bureau,  pub- 
lished the  results  of  a  study  on  production  and  consumption  in 
Saxony,  in  which  he  used  235  cost-of-living  records  recently  published 
by  Ducpetiaux  and  LePlay.  This  is  the  first  careful  statistical  study 
of  such  material.  These  early  studies  have  been  followed  by  others 
of  the  same  kind  and  more,  or  less  extensive  in  scope  in  practically 
every  European  country. 

FOOD  SURVEYS  OF  AMERICAN  FAMILIES 

Cost-of-living  studies  for  families  were  begun  in  the  United  States 
about  15  years  after  the  Saxon  report.  In  1875  the  Massachusetts 
Bureau  of  Statistics  of  Labor  (7)  reported  an  investigation  of  the 
cost  of  living  of  397  workingmen's  families  in  Massachusetts  and  a 
little  later  began  a  study  of  the  dietary  habits  of  workingmen's  fam- 
ilies (8).  During  the  50  years  that  have  elapsed  since  that  work 
was  started,  a  mass  of  information  concerning  food  habits  has  become 
available. 

Dietary  studies  differ  in  certain  respects  from  cost-of-living  and 
standard-of-living  studies.  As  the  name  indicates  only  the  food 
consumed  by  an  individual  or  a  group  is  investigated  in  dietary 
studies,  whereas  in  cost-of-living  and  standard-of-living  studies  not 
only  food  but  all  of  the  items  that  go  to  make  up  the  living  are 
included.  The  methods  commonly  used  in  collecting  information 
pertaining  to  food  habits  for  the  two  types  of  studies  differ.  In 
most  dietary  studies  the  actual  quantity  of  food  consumed  during 
a  stated  time,  usually  one  or  two  weeks,  is  weighed  and  recorded. 
It  is  assumed  that  food  habits  are  about  the  same  from  week  to  week, 
and  the  results  presumably  give  a  good  picture  of  the  food  consumed 
at  least  during  that  season.  In  studies  of  standard  or  of  cost  of 
living,  on  the  other  hand,  the  quantity  and  cost  of  the  food  consumed 
during  the  preceding  year  is  generally  estimated.  Figures  collected 
by  this  method  contain  more  inaccuracies  than  those  obtained  by 
careful  dietary  studies,  but  they  have  the  possible  advantage  of 
including  seasonal  differences  in  food  consumption.  This  method 
also  lends  itself  more  readily  to  the  collection  of  a  larger  number 
of  food  records. 

About  80  studies  of  food  consumption  and  cost,  covering  from  1  to 
25,440  families,  have  been  made  in  the  United  States  since  1875. 
From  them  information  on  food  habits  is  available  in  more  or  less 
detail  for  75,283  families.  For  approximately  5  per  cent  of  these 
families  dietary  studies  were  made,  and  for  95  per  cent  the  food 
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information  was  gathered  as  part  of  cost-of-living  or  standard-of- 
living  investigations.  In  most  cases  some  analysis  and  summary 
have  been  made  of  the  food  data;  but,  considering  the  wealth  of 
material  available,  the  information  that  has  been  gleaned  from  it 
is  scanty. 

The  extent  of  analysis  of  these  food  records  is  shown  in  Table  1. 
The  average  cost  of  food  per  family  has  been  calculated  in  32  of  the 
studies,  or  94.7  per  cent  of  the  total  number  of  records  collected. 
In  41.3  per  cent  of  the  totalthe  records  were  analyzed  to  determine 
the  average  quantity  of  various  foodstujffs  consumed.  Such  calcu- 
lations were  made  for  only  9  or  10  foodstuffs  in  some  of  the  investi- 
gations, whereas  in  others  they  were  carried  through  the  entire 
diet.  The  amount  of  energy  and  protein,  or  energy,  protein,  and 
minerals  yielded  by  the  average  diet  of  the  group  was  calculated  in 
four  studies,  which  include  only  3.9  per  cent  of  the  total  number 
of  records  collected.  Some  aspect  of  the  average  diet  has  therefore 
been  studied  in  many  of  the  investigations,  but  for  purposes  of 
popular  education  in  nutrition  it  is  necessary  to  know  whether  the 
average  is  typical  of  one  group  or  whether  the  deviations  point  to  a 
nutritional  condition  different  from  that  indicated  by  the  average. 
This  necessitates  careful  study  of  individual  family  diets  and  has 
been  given  to  only  1.2  per  cent  of  the  75,283  records  collected. 

Table  1. — Extent  of  analysis  of  food  records  fi-om  75,283  American  families 
made  hy  in/vestigator»  who  collected  them  during  the  period  1875  to  1928 


Factors  studied 

Analysis  of  specified  fac- 
tor according  to  average 
diet  of  group  or  to  diet  of 
individual  family 

Number 
of  studies 

with 
records 
analyzed 
for  speci- 
fied factor 

Records  analyzed 
for  specified  factor 

Cost 

Average 

32 
11 
2 
2 

29 
6 

Number 

71, 301 

31, 119 

2,600 

330 

565 

871 

Per  cent 
94.7 

Quantity  of  various  foodstuffs  consumed 

Energy  and  protein  . 

do I 

41.3 
3.5 

Energy,  protein,  minerals 

do-. 

0.4 

Energy,  protein,  cost. 

Individual  ..... 

0.8 

Energy,  protein,  minerals,  cost. 

do 

U2 

Probably  the  analyses  have  in  most  cases  been  adequate  for  the 
problems  the  investigators  were  considering,  but  to-day  questions 
are  being  asked  for  which  there  are  no  ready  answers  obtainable  from 
these  studies.  In  1920  Pearl  {9)  published  figures  showing  the  aver- 
age American  diet  for  the  years  1911  to  1918.  Nutritionists  and  wel- 
fare workers  ask  whether  there  are  significant  deviations  from  this 
average  diet ;  and  if  so,  among  what  people  they  occur  and  what  are 
their  causes.  Certain  students  of  the  agricultural  situation  ask 
whether  production  and  consumption  of  the  main  foodstuffs  can  not 
be  made  to  balance  in  the  United  States.  Economists  interested  in 
the  welfare  of  the  consumer  want  to  know  whether  such  a  production 
program  is  conducive  to  the  health  and  well-being  of  the  consumer. 
There  are  local  differences  in  food  habits.  Distributei^  w^ant  to  know 
what  these  differences  are  in  order  to  eliminate  waste  in  marketing. 

The  questions  asked  by  the  economists  and  business  men  could  in 
many  cases  be  answered  by  consumption  figures  derived  from  produc- 
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tion,  export,  and  import  statistics.  But  when  changes  are  proposed, 
the  nutritionist  and  welfare  worker  immediately  ask,  "Are  the 
changes  that  you  propose  in  the  interest  of  the  consumer's  welfare  ?  " 
"  Will  the  quality  of  his  diet  be  improved  or  at  least  maintained  at 
its  present  level  ?  "  In  order  to  answer  these  questions  it  is  necessary 
to  consider  not  only  the  hundred  or  more  foodstuffs  as  they  are  re- 
ported but  5  to  10  of  the  nutrients  of  which  they  are  composed.  This 
leads  the  investigator  into  long  and  tedious  calculations.  If,  in  addi- 
tion to  information  on  the  average  diet,  a  knowledge  of  the  nutri- 
tional value  of  the  food  consumed  by  the  individual  families  is  de- 
sired, a  formidable  amount  of  statistical  work  becomes  necessary. 

USUAL  METHOD  OF  CALCULATING  ENERGY  AND  NUTRIENTS  OF 

THE  DIET 

According  to  the  present  knowledge  of  nutritive  requirements,  food 
is  recognized  as  containing  at  least  20  elements  or  combinations  of 
elements  essential  for  normal  growth  and  development.  These  in- 
clude 10  minerals,  6  unidentified  substances  called  vitamins,  water, 
and  3  energy-yielding  food  constituents — fat,  carbohydrate,  and  pro- 
tein. A  complete  analysis  of  a  dietary  would  include  a  study  of  all 
the  food  constituents,  but  for  various  reasons  this  is  not  done  in  actual 
practice. 

Of  the  10  minerals  that  are  required,  according  to  present  knowl- 
edge only  4 — calcium,  phosphorus,  iron,  and  iodine — are  likely  to  be 
furnished  in  insufficient  amounts  in  the  diet.  For  the  first  three, 
average  composition  figures  are  available  for  most  foods,  and  con- 
siderable study  has  been  made  of  the  amount  of  each  required  for 
growth  and  maintenance.  Thej  are  therefore  commonly  included  in 
an  analysis  of  a  dietary.  Iodine,  on  the  other  hand,  has  not  been 
studied  sufficiently  to  justify  its  inclusion  in  a  dietary  analysis. 

Nor  is  it  yet  possible  to  measure  vitamins  quantitatively,  since  they 
have  not  been  isolated  as  chemical  individuals.  The  relative  values 
of  many  foods  as  sources  of  vitamins,  however,  have  been  ascertained 
through  animal  experimentation,  and  the  amount  needed  in  the  nutri- 
tion of  these  animals  is  fairly  well  established.  In  setting  up  vitamin 
standards  for  man  the  best  that  can  be  done  at  present  is  to  suggest 
that  the  foods  which  are  especially  good  sources  of  the  various  vita- 
mins be  used  to  furnish  a  liberal  proportion  of  the  energy  of  the  diet. 

Since  the  danger  of  water  deficiency  is  so  slight  its  inclusion  in  a 
dietary  anal5^sis  is  deemed  unnecessary.  Energy,  measured  in  calo- 
ries, is  most  commonly  used  as  an  indication  of  the  nutritive  value 
of  the  diet.  This  is  sound,  for  without  enough  food  to  meet  activity 
demands  the  body  will  use  up  its  own  substance  to  keep  itself  going. 
When  this  occurs  the  body's  requirement  of  the  other  constituents  is 
increased.  The  actual  amount  of  fat  and  carbohydrate  in  the  diet  is 
sometimes  ascertained  in  addition  to  total  energy.  But  since  experi- 
ments have  shown  that  within  wide  limits  the  human  body  is  able  to 
use  either  of  these  nutrients  advantageously  for  energy,  their  detailed 
study  in  a  dietary  analysis  seems  unnecessary.  Protein,  on  the  other 
hand,  is  important,  not  only  for  the  energy  it  yields,  but  even  more 
for  growth  and  repair  and  is  usually  studied  separately. 

The  analysis  of  a  dietary  therefore  commonly  involves  the  deter- 
mination of  energy  and  four  to  six  food  constituents.    Such  an  analy- 
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sis  is  usually  made  by  finding  the  amount  of  energy  and  nutrients 
furnished  by  each  food  consumed  and  then  totaling  them  to  ascertain 
the  amount  furnished  by  the  total  diet.  These  figures  are  compared 
with  the  estimated  need  of  the  individual  or  the  family  to  determine 
whether  the  diet,  according  to  present  standards,  is  adequate  for 
growth,  maintenance,  and  activity. 

When  the  food  consumed  by  a  family  is  studied  by  this  method  for 
energy,  protein,  calcium,  phosphorus,  and  iron  content,  it  necessitates 
the  multiplication  of  the  number  of  grams  or  pounds  of  each  food- 
stuff used,  by  five  factors.  If  fat  and  carbohydrate  are  also  in- 
cluded in  the  analysis  the  number  of  multiplications  for  each  food- 
stuff is  increased  to  seven.  Since  a  family  dietary  contains  on  the 
average  from  45  to  55  foodstuffs  analysis  by  the  item-by-item  method 
means  approximately  250  to  350  multiplications.  In  this  bureau 
with  equipment  suitable  for  such  work,  the  calculation  of  the  nutri- 
tive value  of  a  dietary  by  this  method  requires  about  two  and  a  half 
hours.  If  the  number  of  records  to  be  analyzed  is  large,  the  time 
needed  for  such  a  study  makes  it  almost  prohibitive. 

SHORT  METHODS  USED  BY  OTHER  INVESTIGATORS  IN  CALCU- 
LATING ENERGY,  PROTEIN,  AND  FAT  IN  DIETARIES 

Because  the  item-by-item  method  of  calculating  tlie  nutritive  value 
of  a  diet  is  time  consuming  and  the  need  of  a  quick  method  of  evalu- 
ating a  dietary  was  recognized,  two  shorter  methods  have  been 
proposed. 

Hunt  (5)  was  the  first  to  suggest  such  a  possibility.  In  1918  she 
published  a  plan  by  which  the  amount  of  energy  and  protein  in  a 
diet  could  be  quickly  estimated.  According  to  her  method  the  foods 
are  divided  into  five  groups,  namely,  vegetables  and  fruits;  protein- 
rich  foods ;  cereals,  bread,  and  other  bakery  goods ;  sweets ;  and  fatty 
foods.  Each  of  these  groups  is  divided  into  two  subgroups,  called  A 
and  B,  to  provide  primarily  for  energy  differences.  Energy  values 
are  assigned  to  each  group  and  protein  values  to  all  except  the  sweets. 
In  Subgroup  A  are  classed  the  foods  having  composition  figures  in 
close  agreement  with  these  values,  and  in  Subgroup  B  are  listed  those 
that  differ  widely  from  those  values.  The  total  weight  of  the  foods 
in  Subgroup  B  is  multiplied  by  a  weight  factor  that  brings  it  to 
a  basis  equivalent  with  the  foods  of  Subgroup  A.  The  result  is 
added  to  the  weight  of  the  foods  in  Subgroup  A.  This  total  is  then 
multiplied  by  the  values  for  energy  or  protein  or  both.  The  results 
of  these  calculations  for  the  5  main  groups  of  foods  can  then  be 
quickly  added,  to  find  the  energy  and  protein  value  of  the  entire  diet. 

For  example,  under  vegetables  and  fruits  are  the  Subgroup  A, 
which  includes  fresh  and  canned  vegetables  and  fruits,  and  the 
Subgroup  B,  those  that  are  dried.  In  order  to  find  the  nutritive 
value  of  all  the  fruits  and  vegetables  used,  the  total  weight  of  the 
foods  in  Subgroup  B  is  multiplied  by  6  and  this  value  is  added  to 
the  weight  of  foods  in  Subgroup  A.  To  determine  the  energy  value 
of  the  foods  in  this  group,  the  total  number  of  pounds  given 
by  the  above  calculation  is  multiplied  by  250  calories,  and  to  find  the 
protein  value  expressed  in  pounds  the  total  weight  is  divided  by  70. 
Values  for  the  other  four  groups  are  obtained  in  a  similar  manner, 
and  the  total  for  the  entire  diet  is  thus  quickly  found. 
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Hunt  cited  three  dietaries  by  which  she  tested  the  accuracy  of  her 
method.  In  all  cases  the  energy  values  agreed  within  2.5  per  cent 
with  the  figures  obtained  by  the  item-by- item  calculations.  The  pro- 
tein values  showed  greater  fluctuations,  but  the  errors  did  not  exceed 
6  per  cent.  Hunt  pointed  out  that  the  chance  of  accuracy  was  greatly 
increased  by  a  varied  diet,  a  fact  that  enhances  the  value  of  the 
method,  because  it  is  for  the  diets  containing  a  wide  variety  of  food- 
stuffs that  a  short-cut  method  is  most  needed. 

The  second  method  for  simplifying  such  calculations  was  proposed 
by  Rose  {10)  in  1920.  His  method  provides  for  ascertaining  the  total 
energy  value  as  well  as  the  protein  and  fat  in  the  diet  directly  and 
the  percentage  of  carbohydrate  by  difference.  It  is  more  elaborate 
than  Hunt's  and  requires  somewhat  more  time  for  computation.  On 
a  wide  variety  of  diets  it  would  doubtless  give  greater  accuracy  be- 
cause a  greater  range  of  factors  is  used  in  rendering  the  weights  of 
the  foods  equivalent. 

Rose  divides  the  foodstuffs  into  seven  main  groups — namely, 
cereals  and  cereal  products,  dry  legumes  and  shelled  nuts,  vegetables 
and  fruits,  carbohydrates,  fats,  foods  rich  in  fat  and  protein,  and 
animal  products  exclusive  of  whole  milk  and  fats.  The  cereals  and 
cereal  products  are  arranged  in  six  subgroups,  but  eight  correctional 
factors  are  assigned  to  each  of  the  constituents,  energy,  protein, 
and  fat,  for  the  equalization  of  the  various  subgroups.  This  is 
the  method  carried  out  in  all  of  the  main  groups.  Dry  legumes  and 
shelled  nuts  consist  of  2  subgroups  and  3  correctional  factors  for 
each  constituent;  vegetables  and  fruits,  6  subgroups  and  9  correc- 
tional factors  each ;  carbohydrates,  2  subgroups  and  2  factors  to  cor- 
rect for  total  calories;  fats,  2  subgroups  and  3  factors  to  correct  for 
total  calories ;  foods  rich  in  fat  and  protein,  4  subgroups  and  7  fac- 
tors each  to  correct  for  total,  protein,  and  fat  calories;  and  animal 
products  exclusive  of  whole  milk  and  fats,  11  subgroups  and  12 
correctional  factors  each. 

Energy  values  for  total  calories,  protein,  and  fat  are  assigned  to 
each  of  the  seven  main  groups.  After  multiplying  the  various  food- 
stuffs in  a  given  group  by  the  correctional  factor  to  render  the  weights 
of  the  group  equivalent  to  one  another,  the  total  weight  for  the 
group  is  multiplied  by  the  energy  values  assigned  for  the  three  con- 
stituents to  find  the  value  of  the  group.  Each  of  the  seven  groups 
is  treated  in  this  way,  and  the  sum  of  the  values  obtained  gives  the 
total,  the  protein,  and  the  fat  calories  of  the  diet. 

In  evaluating  his  method  Rose  compared  the  results  obtained  by  it 
with  those  obtained  by  the  item-by-item  method  and  with  those  by 
Hunt's  method,  but  he  does  not  estimate  the  degree  of  accuracy  that 
may  be  expected  by  the  use  of  his  short  method. 

SHORT  METHOD  OF  CALCULATING  ENERGY,  PROTEIN,  CALCIUM, 
PHOSPHORUS,  AND  IRON  IN  THE  DIET 

When  the  task  of  studying  some  3,000  records  of  food  consumption 
of  farm  families  recently  arose  in  the  Bureau  of  Home  Economics,  the 
need  of  a  quick  method  of  computing  nutritive  value  was  again  em- 
phasized. The  methods  of  Hunt  {5)  and  Rose  {10),  described  above, 
provide  only  for  the  calculation  of  the  energy,  protein,  fat,  and  carbo- 
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hydrate  of  the  diet.  Since  the  three  minerals— calcium,  phosphorus, 
and  iron — are  so  often  deficient,  it  seemed  desirable  to  include  these 
minerals  in  the  analysis  of  the  farm  diet.  A  third  short-cut  method  of 
computing  a  dietary  was  therefore  developed. 

This  method  provides  for  the  calculation  of  the  energy,  protein, 
calcium,  phosphorus,  and  iron  in  the  diet,  and  is  designed  for  foods 
as  purchased.  It  should  give  satisfactory  results  when  used  in  the 
analysis  of  any  varied  diet,  either  for  family  or  institution,  if  it  is 
based  on  raw  foodstuffs  as  they  are  usually  purchased.  In  most 
dietaries  that  have  been  analyzed  by  the  item-by-item  method  the 
weight  of  the  foodstuffs  consumed  has  been  given  in  grams.  Like  the 
methods  of  Hunt  and  Rose,  this  short-cut  method  provides  for  the 
use  of  the  pound  instead  of  the  gram  as  the  unit  of  weight.  It  is  also 
based  on  a  principle  similar  to  theirs,  and  the  classification  of  foods 
follows  the  same  general  lines;  that  is,  the  common  groupings  are 
used,  fruits  and  vegetables,  fats  and  sugar,  meat,  milk,  and  cereals. 
Fruits  and  vegetables  are  divided  into  four  groups,  and  cereals  into 
two.  The  classification  of  133  foods  is  shown  in  Table  2;  and  the 
factors  for  use  in  adjusting  the  nutritive  value  of  the  foods,  to  corre- 
spond with  the  nutritive  value  of  the  group  in  which  they  occur,  are 
shown  in  Table  3.  The  foods  are  arranged  in  each  group  in  the  order 
of  decreasing  calorie  value. 

Table  2. — Classification  of  133  foods  used  in  short-cut  method  developed  in 
Bureau  of  Home  Economics  for  analyziiiff  a  diet,  hased  on  foods  a^  purchased 
{A.  P.)  except  when  specified  as  edible  portion  {E.  P.) 


Group  1 : 

Figs,  dried. 

Group  2 — Contd. 

Muskmelon. 

Citron,   dried. 

Squash. 

Olives,    green, 

Cucumbers. 

pickled. 

Pumpkin. 

Raspberries. 

Watermelon. 

Figs,  fresh. 

Group   3  : 

Coconut,  dried. 

Parsnips. 

Carrots. 

Currants,   dried. 

Strawberries. 

Prunes,  dried. 

Turnips. 

Raisins. 

Okra. 

Dates,   dried. 

Rutabagas. 

Tapioca. 

Clams,   in  shell. 

Apples,  dried. 

Chard. 

Honey. 

Cauliflower. 

Potatoes. 

Kohl^rabi       (E. 

Bananas. 

P.). 

Dandelion 

Grapefruit. 

groens. 

Oranges. 

Mushrooms. 

Lemons. 

Clams     (E.    P.). 

Rhubarb. 

Oysters  (E.  P.). 

Lettuce. 

Beans,  string. 

Celery. 

Spinach. 

Group  2: 

Cabbage. 

Pecans,  in  shell. 

Asparagus. 

Apricots,  dried. 

Pineapple  (E.P.). 

Potatoes,  sweet. 

Cranberries, 

Plums. 

Group  4  : 

Grapes. 

Peas,  dried. 

Cherries. 

Beans,   dried. 

Apricots,    fresh. 

Beans,      kidney. 

Pears. 

dried. 

Blackberries. 

Lentils,  dried. 

Currants,   fresh. 

Beans,     lima, 

Onions. 

dried. 

Peaches. 

Chestnuts. 

Apples. 

Eggs. 

Beets. 

Peas,    green,    in 

Eggplant  (E.  P.). 

pods. 

Peppers,  green. 

Beans,     lima. 

Tomatoes. 

green,  in  pods. 

Radishes. 

Corn,    fresh. 

Group   5  : 

Lard. 

Oils,  table. 

Butter. 

Margarina 

Jelly. 

Sugar, 
Group  6  : 

Pork,  salt. 

Bacon. 

Sausage. 

Ham,  smoked. 

Goose. 

Mutton. 

Pork. 

Beef,  corned. 

Lamb. 

Turkey. 

Beef   (A.   P.). 

Beef  (E.  P.). 

Beef,  dried. 

Fowl. 

Liver. 

Veal. 
Group  7  : 

Cheese,     Ameri- 
can, 

Cream,    40    per 
cent  milk  fat. 

Milk,  condensed. 

Cream,  18.5  per 
cent  milk  fat. 

Milk,      whole, 
fresh. 

Milk,     skimmed, 
fresh. 

Buttermilk. 

Whey. 
Group  8  : 

I'eanuts,  in 
shell. 

Flour,     buck- 
wheat. 


Group  8— Contd. 

Walnuts,  Eng- 
lish,  in  shell. 

Fish  containing 
more  than  5 
per  cent  fat. 

Cheese,    cottage. 

Almonds,  in 
shell. 

Pish    containing 
less     than     5 
per  cent  fat. 
Group  9 : 

Cocoa. 

Chocolate. 

Bran,  wheat. 

Cowpeas,  dried. 

Oatmeal. 

Flour,  graham. 

Wheat,  shred- 
ded. 

Flour,  whole- 
wheat. 

Corn  meal. 

Flour,  rye. 

Hominy. 

Bread,  graham. 

Bread,  whole- 
wheat. 

Bread,  rye. 
Group   10  : 

Macaroni. 

Flour,  white. 

Crackers. 

Farina. 

Rice. 

Coconut,  fresh, 
in  shell. 

Bread,    white. 

Bread,  Boston 
brown. 
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Eeference  to  Tabje  3  shows  that  one  factor  is  used  for  adjusting 
the  protein,  calcium,  phosphorus,  and  iron  values  of  each  food  to 
meet  the  four  values  assigned  to  the  group.  Such  a  limitation  natu- 
rally makes  the  classification  of  133  foods  difficult.  In  meeting  this 
problem  the  first  step  was  to  find  the  amount  of  nutrients  yielded  by 

1  pound  of  each  of  the  foodstuffs.  This  calculation  showed  a  range 
in  the  133  foods  of  about  90  grams  for  protein,  1.4  grams  for  cal- 
cium, 2.3  grams  for  phosphorus,  and  0.04  gram  for  iron.  A  few 
foods  that  were  outside  these  limits  were  disregarded  at  this  point. 
In  order  to  classify  the  foods  according  to  their  importance  they 
were  arranged  in  10  groups  for  each  of  the  four  nutrients,  and  the 
groups  were  numbered  from  low  to  high.  A  food,  for  instance, 
might  be  in  Groups  1  and  2  for  the  four  nutrients,  being  low 
in  all  of  the  constituents.     Or  it  might  be  in  Group  7  for  protein, 

2  for  calcium,  7  for  phosphorus,  and  8  for  iron,  being  therefore  a 
food  rather  high  in  protein,  phosphorus,  and  iron,  and  low  in 
calcium. 

On  the  basis  of  this  classification  10  groups  were  defined  as  fol- 
lows: (1)  Foods  that  are  relatively  better  sources  of  calcium  than 
of  protein,  phosphorus,  and  iron;  (2)  foods  in  which  all  of  the 
nutrients  are  of  about  the  same  relative  importance;  (3)  foods  in 
which  iron  is  of  relatively  more  importance  than  the  other  three 
nutrients;  (4)  foods  in  which  calcium  is  relatively  low  and  the  other 
three  nutrients  high;  (5)  foods  that  are  lacking  or  practically  lack- 
ing in  the  four  nutrients;  (6)  animal  foods  in  which  calcium  is  rela- 
tively low,  protein  high,  and  phosphorus  and  iron  intermediate;  (7) 
foods  in  which  calcium  is  relatively  high,  iron  low,  and  protein  and 
phosphorus  intermediate;  (8)  foods  m  which  protein  and  phos- 
phorus are  relatively  high  and  calcium  and  iron  low;  (9)  vegetable 
foods  in  which  calcium  is  relatively  low,  protein  high,  and  phos- 
phorus and  iron  intermediate;  and  (10)  foods  in  which  protein  is 
relatively  higher  than  the  other  three  nutrients. 

The  foods  were  classified  on  this  basis.  During  the  period  of  test- 
ing the  method,  however,  changes  were  made  when  it  was  discovered 
that  some  of  the  foods  as  they  stood  tended  to  invalidate  the  results. 
It  was  found  that  some  foods  could  not  be  satisfactorily  grouped ;  so 
they  will  need  to  be  calculated  separately  when  they  occur  in  the  diet. 
Others,  in  the  process  of  testing  the  method,  were  shifted  from  one 
group  to  another  in  order  to  overcome  the  difficulties  that  arose. 

After  the  foods  had  been  classified,  nutritive  values  were  assigned 
to  each  group.  These  are  shown  in  Table  3  under  Nutritive  value 
of  groups  per  calorie-pounds  and  protein-mineral-pounds.  In 
Group  1  the  protein  and  mineral  values  are  based  on  the  vegetables 
that  play  an  important  part  in  the  diet;  namely,  carrots,  turnips, 
lettuce,  celery,  and  parsnips.  The  energy  value  of  many  of  the 
vegetables  in  the  group  approximates  150  calories  per  pound.  Dried 
figs  and  citron,  on  the  other  hand,  yield  about  ten  times  that  amount 
of  energy.  Because  of  this  wicle  difference  and  ^  because  300,  or 
twice  the  energy  value  of  the  vegetables,  is  an  easier  figure  to  use, 
this  energy  value  is  assigned  to  Group  1.  A  similar  adjustment  is 
made  in  Group  2.  The  protein  and  mineral  values  assigned  to 
the  group  are  based  on  the  composition  figures  of  sweet  potatoes, 
but  the  energy  value  is  one-half  of  that  yielded  by  sweet  potatoes. 
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In  the  same  way  the  dried  beans  and  peas  are  used  as  the  basis 
of  the  energy  value  for  Group  4.  but  the  protein  and  mineral  values 
assigned  to  the  group  are  about  one-half  those  yielded  by  the 
dried  legumes.  The  dried  fruits  are  used  as  the  basis  of  the  nutritive 
value  figures  for  Group  3 ;  butter  is  used  in  Group  5 ;  beef  in  Group 
6 ;  whole  milk  in  Group  7 ;  oatmeal  in  Group  9 ;  and  white  flour  in 
Group  10.  The  nutritive  values  of  Group  8  were  determined  largely 
by  the  trial-and-error  method. 

After  suitable  nutritive  values  were  assigned  to  the  10  groups,  two 
factors  were  calculated  for  each  foodstuff  (Table  3).  The  factors 
headed  Calorie  are  designed  for  use  in  finding  the  number  of  calorie- 
pounds  yielded  b^  the  various  foods,  and  those  headed  Protein- 
mineral  for  use  in  calculating  the  number  of  protein-mineral- 
pounds.  They  were  ascertained  by  dividing  the  actual  chemical 
composition  figures  for  the  food  by  the  nutritive  values  assigned 
to  the  group  in  which  that  food  occurs.  The  composition  figiires 
published  by  Atwater  and  Bryant  (i).  Rose  (ii),  and  Sherman  (12) 
were  used  in  this  calculation.  For  instance,  with  carrots  the  method 
may  be  applied  as  follows :  One  pound  of  carrots  yields  159  calories. 
This  figure  is  then  divided  by  300,  the  energy  value  assigned  to  Group 
1  in  which  carrots  occur,  and  gives  0.5,  the  calorie  factor  by  which 
the  number  of  pounds  of  carrots  consumed  is  to  be  multiplied.  One 
pound  of  carrots  also  yields  4.1  grams  of  protein,  0.197  gram  of 
calcium,  0.161  gram  of  phosphorus,  and  0.0021  gram  of  iron.  Since 
the  protein  and  mineral  values  of  Group  1  are  similar,  being  4  for 
protein,  0.20  for  calcium,  0.16  for  phosphorus,  and  0.002  for  iron, 
the  protein-mineral  factor  for  carrots  is  1. 

Not  all  of  the  protein-mineral  factors  given  in  Table  3,  however, 
gives  values  which  agree  with  the  composition  figures  as  closely  as 
does  that  for  carrots.  Take  spinach,  for  example.  The  composition 
figures  for  spinach  are  9.5  grams  of  protein  per  pound,  0.303  gram 
of  calcium,  0.308  gram  of  phosphorus,  and  0.0163  gram  of  iron.  The 
values  assigned  to  Group  3,  in  which  spinach  occurs,  are  15  grams  of 
protein,  0.10  gram  of  calcium,  0.40  gram  of  phosphorus,  and  0.009 
gram  of  iron.  By  following  the  method  just  described,  the  values 
obtained  are  0.7  for  protein,  3  for  calcium,  0.8  for  phosphorus,  and 
1.8  for  iron.  After  experimentation  with  a  number  of  diets,  however, 
the  factor  1.5  was  chosen  as  giving  the  best  results.  If  spinach 
played  an  unusually  important  part  in  any  dietary,  however,  the 
results  would  be  considerably  invalidated  by  these  discrepancies. 
Adjustments  similar  to  those  made  for  spinach  were  made  for  many 
of  the  foods. 

HOW  TO  USE  THE  SHORT-CUT  METHOD 

A  sample  dietary  is  worked  out  in  Table  4  to  show  how  the  method 
is  used.  The  quantities  in  pounds  of  the  various  foodstuffs  consumed 
are  inserted  under  the  heading  Quantity  consumed.  These  figures 
are  multiplied  by  the  calorie  and  protein-mineral  factors  in  order  to 
find  the  equivalent  weights  in  calorie-pounds  and  protein-mineral- 
pounds. 

The  column  of  calorie-pounds  for  each  group  is  totaled  and 
entered  in  the  column  headed  Equivalent  weight  calorie-pounds  in 
the  section  Nutritive  value  of  diet.  Each  of  these  group  totals  is 
21810°— 29 2 
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then  multiplied  by  the  energy  value  for  its  respective  group,  as  given 
in  the  section  Nutritive  value  of  groups  per  calorie-pounds  and  pro- 
tein-mineral-pounds. The  results  so  obtained  represent  the  number 
of  calories  in  each  group  of  foods  in  the  diet  and  are  entered  in  the 
Energy  column  in  the  section  Nutritive  value  of  diet. 

This  same  procedure  is  followed  for  the  remaining  nutrients  by 
multiplying  the  group  totals  by  the  protein,  calcium,  phosphorus, 
and  iron  group  values.  After  all  the  entries  are  made  in  the  section 
on  Nutritive  value  of  diet,  totals  are  struck,  and  the  total  calories 
and  grams  of  protein,  calcium,  phosphorus,  and  iron  furnished  by 
the  diet  are  obtained. 

This  will  be  more  readily  understood  if  a  computation  is  carried 
through.  In  the  dietary  shown  in  Table  4  there  are  two  foods,  rasp- 
berries and  carrots,  which  belong  in  Group  1.  The  figures,  0.8  pound 
and  4.5  pounds  are,  respectively,  inserted  after  raspberries  and  car- 
rots in  the  column  Quantity  consumed.  Since  the  calorie  factor  for 
raspberries  is  1  the  value  0.8  is  carried  over  to  the  calorie-pounds 
column  under  Equivalent  weight.  The  protein-mineral  factor  for 
raspberries  is  1.5 ;  therefore,  the  value  1.2  (0.8  multiplied  by  1.5)  is 
inserted  in  the  protein-mineral  pounds  column  under  Equivalent 
weight.  For  carrots  the  calorie  factor  is  0.5  and  the  protein-mineral 
factor  is  1.  The  value  4.5  is  therefore  multiplied  by  these  factors, 
and  the  results,  2.3  calorie  pounds  and  4.5  protein-mineral  pounds, 
are  inserted  in  the  proper  columns  under  Equivalent  weight.  These 
values  are  totaled  and  carried  to  the  columns  for  calorie  pounds  and 
protein-mineral  pounds  of  Group  1  under  Nutritive  value  of  diet, 
at  the  lower  right-hand  side  of  the  page.  For  this  group  they  are 
3.1  calorie-pounds  and  5.Y  protein-mineral  jDounds.  The  3.1  calorie 
pounds  is  multiplied  by  300,  the  energy  value  of  Group  1  shown 
under  Nutritive  value  of  group,  and  the  result  (930)  is  inserted  under 
Energy  for  Group  1  in  Nutritive  value  of  diet.  The  5.7  protein- 
mineral-pounds  is  multiplied  by  each  of  the  four  values  shown  above 
for  Group  1,  4  protein  grams,  0.200  calcium  gram,  0.16  phosphorus 
gram,  and  0.0020  iron  gram,  to  get  the  values  23  grams  of  protein, 
1.14  grams  of  calcium,  0.91  gram  of  phosphorus,  and  0.011  gram  of 
iron,  which  appear  after  Group  1  under  Nutritive  value  of  diet. 

The  same  procedure  is  followed  in  calculating  the  nutritive  value 
of  the  foods  in  the  other  groups.  Foods  not  listed  in  the  10  groups 
are  placed  in  the  extra  space  at  the  bottom  and  calculated  by  the 
item-by-item  method.  The  nutritive  value  of  the  whole  diet  is  then 
found  by  totaling  the  various  columns  in  the  lower  right-hand  corner 
of  the  page. 

FOODS   NOT   INCLUDED   IN  THE   SHORT-CUT   METHOD 

Foods  that  have  not  been  completely  analyzed  for  all  of  the  food 
constituents  are  not  provided  for  in  the  short-cut  method.  Nor  are 
foods  like  molasses,  gelatin,  maple  sirup,  brown  sugar,  and  cornstarch 
included  because  they  are  either  very  dissimilar  in  composition  to  the 
other  foods  or  they  are  entirely  lacking  in  some  nutrient.  If  they 
were  always  used  in  small  amounts  they  could  be  fitted  in  with  the 
other  foods  without  causing  a  large  error.  But  since  they  play  an 
important  part  in  many  diets  their  inclusion  in  the  method  is  not 
feasible.     It  is  best  to  calculate  the  nutritive  value  of  these  foods 
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separately  and  to  add  it  to  the  total  diet.  Provision  is  made  for  extra 
foods  in  the  form  suggested  in  Table  3. 

Canned  foods  are  another  class  not  included  in  the  short-cut 
method.  Few  analyses  of  canned  fruits  and  vegetables  have  been 
made,  and  the  only  composition  figures  that  can  be  suggested  are  but 
rough  approximations.  Their  inclusion  in  the  short  method  of  cal- 
culating the  nutritive  value  of  the  diet  was  therefore  not  attempted. 
For  studies  of  food  consumption  containing  canned  foods,  however, 
some  provision  must  be  made  for  calculating  the  nutritive  value 
yielded  by  such  foods,  and  the  method  used  in  the  Bureau  of  Home 
Economics  is  probably  as  good  as  any  that  can  be  suggested  at  the 
present  time.  From  standards  which  have  been  worked  out  by  can- 
ners'  associations  and  by  the  Food,  Drug,  and  Insecticide  Adminis- 
tration of  the  United  States  Department  of  Agriculture,  the  evidence 
is  that  the  edible  material  used  in  commercial  canning  is,  on  the  whole, 
60  per  cent  of  the  net  weight  of  the  canned  food.  This  holds  fairly 
well  for  all  of  the  fruits  and  the  vegetables  except  tomatoes  which 
are  100  per  cent  edible  material.  In  order  to  fit  a  figure  for  edible 
material  into  the  short-cut  method  presented  here  it  is  necessary  to 
include  the  refuse,  since  the  method  is  based  on  foods  as  purchased. 

An  illustration  to  show  how  to  calculate  the  nutritive  value  of 
commercially  canned  foods  follows.  If  a  food-consumption  record 
shows  the  use  of  100  pounds  of  canned  string  beans,  the  assumption 
that  60  pounds  of  fresh  string  beans  (E.  P.)  were  used  in  canning 
that  amount  is  probably  not  far  off.  In  order  to  fit  this  figure  into 
the  short-cut  method,  it  is  necessary  to  reduce  it  to  an  "  as  purchased  " 
figure  by  the  use  of  data  on  refuse.  Atwater  and  Bryant  estimate  7 
per  cent  of  refuse  in  string  beans  (7,  'p.  65).  It  would  therefore  re- 
quire about  65  pounds  of  string  beans,  as  purchased,  to  make  100 
pounds  of  canned. 

Figures  for  canned  fruit  are  somewhat  less  simple  because  of  the 
sugar  that  is  added.  The  commercial  grade  most  commonly  used  is 
choice,  which  contains  sirup  with  20  to  25  per  cent  sugar.  On  drain- 
ing, commercially  canned  fruits  yield  about  60  per  cent  solids  and  40 
per  cent  sirup.  In  estimating  the  nutritive  value  of  canned  fruit, 
the  procedure  for  arriving  at  the  amount  of  raw  fruit  used  is  the 
same  as  that  for  the  raw  vegetables,  and  the  sugar  that  goes  into 
canned  fruit  may  be  estimated  from  the  sirup.  For  instance,  if  100 
pounds  of  commercially  canned  peaches  are  reported  as  consumed, 
it  probably  consists  or  approximately  60  pounds  of  solids  and  40 
pounds  of  sirup.  If  a  20  to  25  per  cent  sirup  is  assumed,  8  to  10 
pounds  of  sugar  were  used  in  the  100  pounds  of  canned  peaches.  Ac- 
cording to  Atwater  and  Bryant  (1,  p.  72),  peaches  have  18  per  cent 
of  refuse.  Approximately  73  pounds  of  peaches  (A.  P.)  are  there- 
fore required  in  canning  100  pounds. 

Such  a  method  of  arriving  at  composition  figures  is  unsatisfactory, 
and  for  many  foods  it  may  give  incorrect  results,  but  until  more 
accurate  figures  are  available  it  probably  gives  as  good  an  estimate 
as  can  be  made. 

EVALUATION  OF  THE  SHORT-CUT  METHOD 

The  short-cut  method  presented  here  has  been  carefully  checked 
for  accuracy.    During  the  process  of  perfecting  it,  25  representative 
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records  of  food  consumption  were  used.  A  short  method  that  would, 
on  the  whole,  give,  results  for  the  5  constituents  within  5  per  cent  ot 
those  obtained  by  the  item-by-item  method  was  the  goal.  When  the 
differences  obtained  on  the  25  records  indicated  that  the  goal  had 
been  reached,  96  additional  records  were  studied.  Altogether  there- 
fore 121  records  of  food  consumption,  made  up  of  three  different 
types,  were  used  in  checking  the  accuracy  of  the  method.  Forty- 
seven  collected  by  the  survey  method  were  records  of  the  food  con- 
sumed by  farm  families  during  one  year;  50  were  weekly  dietaries 
of  family  groups ;  and  24  were  weekly  dietaries  of  institutions.  The 
weekly  records  were  collected  by  the  account  method. 

In  practically  all  cases  the  results  obtained  by  the  two  methods  of 
calculating  the  nutritive  value  of  the  diet  were  remarkably  close.  In 
every  case  the  short-cut  method  gave  figures  for  energy  within  5  per 
cent  of  the  long  method  and  in  85  per  cent  of  the  cases  for  the  4 
nutrients.  Only  3  records,  or  about  2  per  cent,  caused  differences 
greater  than  10  per  cent  in  the  4  nutrients — ^protein,  calcium,  phos- 
phorus, and  iron. 

To  express  the  results  in  more  precise  terms,  the  standard  error  of 
estimate  for  the  energy  figures  obtained  by  the  use  of  the  short-cut 
method  in  121  dietary  studies  is  2.3 ;  for  protein  it  is  3.6 ;  for  calcium, 
2.8 ;  for  phosphorus,  3.5 ;  and  for  iron,  3.2.  This  means  that  in  two- 
thirds  of  the  cases  studied  the  results  for  energy  derived  by  the  short- 
cut method  did  not  deviate  more  than  2.3  per  cent  from  those  given 
by  the  long  method ;  for  protein  they  were  within  3.6  per  cent ;  and 
for  the  minerals  they  were  within  from  2.8  to  3.5  per  cent  of  those 
obtained  by  the  long  method.  These  figures,  together  with  the  stand- 
ard error  of  the  means  and  the  mean  value  of  the  short-cut  method 
expressed  in  percentage  of  values  obtained  by  the  long  method,  are 
shown  in  Table  5. 

Table  5. — Standard  errors  of  estimate  for  the  enerffy,  protein,  calcium,  phos- 
phorus, and  iron  values  obtained  hy  the  short-out  method  on  121  dietary 
studies  and  the  mean  values  given  'by  the  short-cut  method  expressed  in  terms 
of  percentage  of  the  values  obtained  by  the  long  method 


Energy  and  nutrient 

Standard 

error  of 

estimate  i 

3  X  stand- 
ard error  of 
estimate 

Mean  value 
of  short-cut 
method  in 
per  cent  of 
value  ob- 
tained by 

long 
method  2 

Standard 
error  of 
mean  ^ 

3  X  stand- 
ard error  of 
mean 

Energy                                               . 

Per  cent 
2.3 
3.6 
2.8 
3.5 
3.2 

Per  cent 
7.0 

10.8 
8.4 

10.5 
9.6 

Per  cent 
99.2 
99.4 

100.2 
98.1 

100.6 

Per  cent 
0.20 
.32 
.25 
.27 
.28 

Per  cent 
0.60 

Protein - 

.96 

Calcium                                          -  

.75 

Phosphorus ..- 

.81 

Iron  __                                   

.84 

The  standard  error  of  estimate  was  calculated  by  the  formula 


V2d2.    Iti; 


is  the  square  root  of  the  sum 


of  the  square  of  the  deviations  from  the  long  method  divided  by  the  number  of  items. 

2  This  was  obtained  by  adding  the  deviations  from  the  long  method  and  dividing  by  the  total  number  of 
Items.    The  deviation  thus  given  was  added  to  100. 


3  The  standard  error  of  the  mean  was  calculated  from  the  standard  error  of  estimate,  thus 


'S2^, 
n 
c  being  the  deviation  of  the  mean  value  of  the  various  nutrients  calculated  by  the  short-cut  method  from 
the  long  method,  or  100  per  cent. 


V^ 
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Table  5  shows  that  in  no  case  do  the  mean  values  obtained  for 
energy  and  the  four  nutrients  by  the  short-cut  method  coincide  with 
those  given  by  the  long  method.  For  energy  it  is  0.8  per  cent  l)elow 
the  long  method,  which  was  used  as  the  standard,  for  protein  0.6  per 
cent  below,  and  for  phosphorus  1.9  per  cent  below.  For  calcium  it  is 
0.2  per  cent  above,  and  for  iron  0.6  per  cent'  above  the  value  given  by 
the  long  method. 

The  question  naturally  arises  whether  these  discrepancies  are  sig- 
nificant. That  is,  does  the  short-cut  method  tend  to  give  values  for 
energy,  protein,  and  phosphorus  below^  those  derived  from  the  long 
method,  and  for  calcium  and  iron,  values  above  the  long-method  fig- 
ures ?  To  test  the  reliability  of  the  mean  values  for  these  essentials, 
their  standard  errors  were  calculated.  In  Table  5  formulas  are  given 
to  show  how  these  values  were  derived.  On  referring  to  the  last 
column  of  Table  5  it  is  seen  that  the  means  of  an  additional  sample 
of  the  same  size  chosen  in  the  same  way  as  the  first  would  in  all 
probability  not  vary  from  the  means  of  the  first  sample  by  more  than 
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Fig.  1. — Distribution  of  the  percentajjo  of  deviations  from  the  item-by-stem  method 
obtained  by  calculating  the  energy  of  the  diet  by  the  short-cut  method 

0.60  to  0.96  per  cent,  or  three  times  their  standard  errors.  The  energy 
values  would  range,  accordingly,  from  98.6  to  99.8;  protein,  from 
98.4  to  100.4;  calcium,  from  99.4  to  101;  phosphorus,  from  97.3  to 
98.9;  and  iron,  from  99.8  to  101.4  per  cent  of  the  values  obtained  by 
the  long  method.  The  protein  and  calcium  values  calculated  by  the 
short-cut  method  would,  therefore,  in  the  long  run  probably  approxi- 
mate those  given  by  the  item-by-item  method,  but  this  method  would 
give  values  for  energy  and  phosphorus  on  the  whole  somewhat  below 
those  obtained  by  the  long  method,  and  for  iron  slightly  above.  In 
other  words,  the  short-cut  method  tends  to  give  figures  for  protein 
and  calcium  which  agree  with  the  long  method,  but  there  is  a  slight 
bias  in  the  energy,  phosphorus,  and  iron  figures. 

The  same  thing  is  shown  in  Figures  1  to  5.  The  histograms  for 
protein  and  calcium  show  that  approximately  one-half  of  the  food 
records  fall  on  either  side  of  the  standard  (100)  as  well  as  of  their 
respective  means  (99.4  and  100.2).  For  the  other  three  constituents 
the  case  is  quite  different.  For  energy  54  per  cent  of  the  records  are 
below  the  mean  (99.2),  whereas  63  per  cent  are  below  the  standard 
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(100) ;  for  phosphorus  59  per  cent  are  below  the  mean  (98.1),  and 
75  per  cent  below  the  standard  (100) ;  and  for  iron  one-half  of  the 
records  are  below  the  mean  (100.6),  but  43  per  cent  are  below  the 
standard  (100). 
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2. — Distribution  of  the  percentage  of  deviations  from  the  item-by-item  method 
obtained  by  calculating  the  protein  of  the  diet  by  the  short-cut  method 


A  summary  of  these  findings  may  be  helpful.  Of  the  121  dietaries 
studied  by  the  short-cut  method,  103,  or  85  per  cent,  gave  results  for 
the  5  constituents  within  5  per  cent  of  the  long  method ;  the  standard 
errors  of  estimate  ranged  from  2.3  per  cent  for  energy  to  3.6  per 
cent  for  protein.  The  protein  and  calcium  values  calculated  by  this 
method  tend  to  agree  more  closely  with  those  derived  by  the  item- 
by-item  method  than  do  the  energy  and  phosphorus,  which  on  the 
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Fig.  3. — Distribution  of  the  percentage  of  deviations  from   the  item-by-item   method 
obtained  by  calculating  the  calcium  of  the  diet  by  the  short-cut  method 

average  fall  below  those  obtained  by  the  long  method,  and  the  iron 
value,  which  falls  slightly  above. 

In  order  to  estimate  how  large  an  error  may  be  expected  from  the 
use  of  the  short-cut  method  in  analyzing  other  food  records  chosen 
in  a  similar  manner,  figures  for  three  times  the  standard  error  of 
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estimate  are  given  in  Table  5.  These  indicate  that  the  chance  is  very 
good  that  the  short-cut  method,  when  used  to  analyze  any  single 
food  record  chosen  as  were  the  121  used  in  this  study,  will  give  an 
energy  value  within  7  per  cent  of  the  long  method.  For  protein  the 
value  will  be  within  10.8  per  cent;  and  for  the  minerals,  within  8.4 
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Fig.  4. — Distribution  of  the  percentage  of  deviations  from  the  item-by-item  method 
obtained  by  calculating  the  phosphorus  of  the  diet  by  the  short-cut  method 

to  10.5  per  cent  of  the  long  method.  The  method  probably  gives  the 
most  reliable  results  for  energy  and  least  reliable  for  protein  and 
phosphorus. 

A  study  of  the  effect  of  the  different  foodstuffs  occurring  in  the 
121  records  on  the  accuracy  of  the  short-cut  method  shows  that  only 
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Fig.  5. — Distribution  of  the  percentage  of  deviations  from  the  item-by-item  method 
obtained  by  calculating  the  iron  of  the  diet  by  the  short-cut  method 

a  few  foods  when  eaten  in  large  quantities  are  usually  responsible 
for  the  wider  discrepancies  in  the  results  obtained  by  the  two  meth- 
ods. The  results  for  energy  were  so  close  in  all  cases  that  no  study 
was  made  of  the  effect  of  the  various  foodstuffs  on  these  figures. 
Table  6  gives  a  list  of  the  foods  occurring  in  such  large  quantities  in 


16         TECHNICAL  BULLETIIT    10  5,   U.   S.   DEPT.   OF  AGRICULTUEE 


the  121  dietaries  used  in  this  study  as  to  cause  discrepancies  in  the 
protein  and  mineral  figures  when  calculated  by  the  short-cut  method. 

Table  6. — Foods  occurring  m  the  121  dietaries  studied  that  caused  discrepancies 
in  the  results  obtained  hy  the  short-cut  method  due  to  an  urmsually  large 
quantity  consumed 


Nutrient  affected 

Food 

Results  compared  with 
those    obtained    by 
the  long  method 

(Corn  meal 

Below. 

Fish 

Do. 

Protein.  _ 

Hominy 

Do. 

Do. 

Flour,  whole-wheat 

Do. 

[Flours,  barley  and  rye ..     ...  .  

Above. 

Corn,  fresh                      .  .         .      . 

Do. 

Corn  meal 

Do. 

Do. 

Dandelion  greens                      .             ...... 

Below. 

Raspberries...  

Above. 

Below. 

Beans,  dried                                                  .  .  .  . 

Do. 

Corn,  fresh 

Do. 

Fish                                 

Do. 

Peas,  green,  in  pods 

Do. 

Above. 

Fish                                                    

Below. 

Do. 

Above. 

A  glance  at  Table  6  shows  that  fish  and  the  cereals — especially  the 
whole-grain  kinds — cause  discrepancies  for  most  of  the  four  nutrients. 
Cream  tends  to  invalidate  the  results  for  calcium  and  the  legumes 
for  phosphorus.  Of  course,  if  any  one  foodstuffs  plays  a  large  part 
in  the  diet,  it  may  cause  inaccuracies  in  the  results.  Raspberries,  for 
instance,  consumed  in  quantities  as  large  as  1%  cups  per  man  per 
day,  or  about  two  good-sized  servings  every  day,  may  throw  the 
calcium  figures  out  considerably.  Such  seasonal  indulgence,  how- 
ever, does  not  ordinarily  influence  the  results  to  this  extent  when  the 
records  of  food  consumption  are  kept  for  a  longer  period  than  a 
week  or  two. 

When  there  is  a  combination  in  the  diet  of  several  foods  which 
cause  the  same  type  of  error  in  the  values  obtained  by  this  method, 
the  possibility  of  a  large  discrepancy  in  the  final  results  is  increased. 
For  example,  the  short-cut  method  gives  protein  results  for  fish, 
hominy,  and  corn  meal  below  those  obtained  by  the  long  method. 
If  these  foods  play  a  prominent  part  in  the  diet,  the  protein  as  indi- 
cated by  the  short-cut  method  will  in  all  probability  be  much  too 
low.  In  the  same  way,  if  corn,  corn  meal,  and  heavy  cream  are  used 
in  abundance  the  amount  of  calcium  indicated  by  the  short-cut 
method  will  be  too  high. 

In  choosing  a  method  for  analyzing  a  particular  collection  of 
dietaries  the  investigator  would  naturally  ask  how  much  time  would 
be  saved  by  using  this  short-cut  method  instead  of  the  item-by-item 
method.  Five  statistical  clerks  in  the  Bureau  of  Home  Economics 
tested  this  point  by  calculating  36  dietaries.  The  results  given  in 
Table  7  shows  an  average  saving  of  42  per  cent  of  time  by  the 
short-cut  method.  Although  these  figures  do  not  reflect  the  influence 
of  the  number  of  foodstuffs  in  the  dietary  on  the  amount  of  time 
saved  because  of  the  individual  differences  which  enter  in,  such  a 
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relationship  is  indicated  by  the  individual  reports.  Other  things 
remaining  equal,  the  proportion  of  time  saved  in  making  a  calculation 
tends  to  increase  as  the  number  of  foods  increase.  The  same  tendency 
was  pointed  out  by  Hunt  (5,  p.  212). 

Table  7. — CoTnparison  of  the  time  required  for  calculating  dietaries  J)ij  the 
short-cut  method  imth  that  lyy  the  long  method,  as  shown  dy  the  calculation 
of  36  dietaries  bg  5  workers 


Initials  of  worker 

Dieta- 
ries ana- 
lyzed 

Average  time 

spent  per 

dietary 

Average  time 
saved  by  short- 

Average 
number 
of  foods 

Long 
method 

Short 
method 

cut  method 

per  diet- 
ary 

M.  M 

Number 
9 

I 

6 
9 

Hours 
3.1 
2.9 
3.3 
2.1 
1.7 

Hours 
1.6 
1.5 
2.0 
1.3 
1.2 

Hours 
1.5 
1.4 
1.3 

.8 
.5 

Per  cent 
48 
48 
39 
38 
29 

Number 
66 

H.  N 

50 

A.  B — 

49 

K.  S 

65 

H.  C 

58 

Average                                                          

7.2 

2.6 

1.5 

1.1 

42 

56 

The  reasons  for  analyzing  a  dietary  and  the  degree  of  accuracy 
desired  and  attainable  should  be  kept  in  mind  in  deciding  on  the 
method  to  use  in  an  analysis.  A  dietitian,  for  instance,  who  has  a 
very  sick  person's  welfare  in  mind  should  doubtless  calculate  the  nu- 
tritive value  of  the  diet  as  accurately  as  possible  by  the  item-by-item 
method.  A  statistician,  on  the  other  hand,  seeking  to  show  from  a 
large  number  of  records  the  deviations  from  the  average  diet  or  to 
correlate  diet  with  other  factors  affecting  the  welfare  of  the  indi- 
vidual would  be  justified  in  using  a  shorter  method  of  making  the 
necessary  calculations.  If  the  data  under  consideration  are  estimates 
of  food  consumption  rather  than  careful  records,  a  method  even 
shorter  than  the  one  presented  here  might  be  desirable.  An  analyst, 
on  the  contrary,  making  a  metabolism  study  of  these  nutrients  would 
not  only  use  ihe  long  method  for  analyzing  the  diet,  but  his  calcu- 
lations would  be  based  on  figures  from  chemical  analyses  of  the  par- 
ticular foods  used  in  that  diet  rather  than  on  average  food-composi- 
tion data. 

In  studying  the  accuracy  of  the  short-cut  method  presented  here, 
the  results  were  compared  with  those  obtained  by  the  item-by-item 
method,  but  it  should  be  remembered  that  the  latter  may  contain 
many  inaccuracies.  In  both  cases  the  composition  figures  used  in  the 
analyses  are  average  values  taken  largely  from  the  tables  compiled 
by  Atwater  and  Bryant  (i),  M.  S.  Rose  (11),  and  Sherman  (12). 
The  former  show  the  number  of  analyses  used,  the  percentage  of 
refuse,  as  well  as  the  average,  maximum,  and  minimum  percentage 
of  water,  protein,  fat,  carbohydrate,  and  ash,  and  the  fuel  value  per 
pound.  Rose  has  calculated  from  Atwater  and  Bryant's  tables  the 
actual  energy  and  protein  values  for  the  various  foods,  and  these 
were  used  in  constructing  the  short-cut  method.  Sherman's  tables 
show  only  the  average  composition  figures  for  minerals  without 
any  indication  of  the  variations  existing  in  the  data  on  which  they 
were  based  or  the  number  of  samples  that  were  included  in  the  mean. 
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It  has  been  possible,  however,  to  get  somewhat  more  information 
about  the  reliability  of  such  figures  than  is  given  in  the  composition 
tables.  Tocher  {13)^  for  example,  analyzed  709  samples  of  milk  from 
individual  cows  in  different  parts  of  Scotland  and  found  a  protein 
average  of  3.2  per  cent,  with  a  standard  deviation  of  0.4.  This  means 
that  the  coefficient  of  variation  for  protein  in  milk  is  as  high  as  12.5 
per  cent  (0.4  multiplied  by  100  divided  by  3.2).*  These  samples  also 
showed  high  coefficients  of  variation  for  the  other  factors.  For  ash 
it  was  7.2  per  cent,  for  fat  19.8  per  cent,  and  for  lactose  8  per  cent. 

A  great  number  of  food  analyses  have  been  brought  together  in 
the  Bureau  of  Home  Economics.  Some  of  these  were  studied  by  the 
writer  for  coefficients  of  variation  for  protein  and  total  ash.  On  the 
basis  of  617  analyses,  potatoes  had  a  coefficient  of  variation  of  22 
per  cent  for  protein  and  17.5  per  cent  for  ash.  Eggs,  on  the  basis 
of  97  analyses,  showed  a  coefficient  of  variation  of  8.9  per  cent  for 
protein  and  of  25.8  per  cent  for  ash.  Flour  is  a  very  indefinite  term, 
because  of  the  many  factors  which  affect  its  composition.  Wheat 
flour,  described  by  Atwater  and  Bryant  (i,  p.  68)  as  patent-roller 
process,  family  and  straight  grade,  represents  a  grade  in  common  use 
in  the  American  household.  Figures  for  straight  flour  from  winter 
and  spring  wheat  are  given  separately  here,  but  unless  the  investi- 
gator is  able  to  determine  the  origin  of  the  flour  in  a  given  dietary 
he  would  probably  use  the  average  of  all  analyses.  The  accuracy 
that  might  be  expected  from  such  figures  was  investigated  by  the 
writer.  Seventy-six  samples  of  straight  flour  analyzed  largely  in  the 
California  and  North  Dakota  experiment  stations  showed  a  coeffi- 
cient of  variation  of  35.4  per  cent  for  protein  and  51.3  per  cent  for 
ash. 

With  such  variations  as  these  occurring  in  the  foodstuffs  that 
play  a  prominent  part  in  the  diet  of  the  American  people,  one  can 
hardly  expect  a  dietary  calculation  based  on  average  composition  fig- 
ures to  be  100  per  cent  accurate.  The  probability  is  slight,  however, 
that  such  variations  in  food  composition  are  entirely  cumulative 
in  their  effect  on  the  nutritive  value  of  the  total  diet.  To  test  this 
point,  a  few  comparisons  were  made  by  the  writer.  Dietary  analyses 
made  by  the  use  of  actual  food-composition  figures  were  compared 
with  those  in  which  average  composition  figures  were  used.  The  item- 
by-item  method  of  analysis  was  used  in  both  cases.  The  results  indi- 
cate considerable  variation.  Five  studies  showed  a  discrepancy  of  2 
to  8  per  cent  for  energy  and  2  to  25  per  cent  for  calcium.  In  six 
studies  the  error  in  total  protein  due  to  the  use  of  average  composition 
figures  was  from  0.5  to  25  per  cent,  and  in  three  studies  the  phos- 
phorus error  was  from  8  to  14  per  cent. 

These  diets  were  used  in  metabolism  studies  and  were  therefore 
limited  in  the  number  of  foodstuffs  included.  More  varied  diets 
would  probably  show  closer  agreement  between  the  results  obtained 
from  average  composition  figures  and  those  based  on  actual  analyses. 
The  possibility  of  errors  resulting  from  the  use  of  average  compo- 
sition figures  alone  should  be  kept  in  mind,  hoAvever,  and  since  such 
data  were  used  as  the  base  for  measuring  the  accuracy  of  the  short- 
cut method  presented  here,  the  true  error  in  the  various  constituents 
calculated  by  this  method  may  be  somewhat  greater  than  indicated 
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in  Table  5.  If  better  average  composition  figures  become  available 
at  any  time,  the  short-cut  method  will  need  revision.  The  principle 
on  which  it  is  based,  however,  should  hold. 

SUMMARY  AND  CONCLUSIONS 

Although  data  on  food  consumption  of  over  75,000  families  in  the 
United  States  have  been  collected  during  the  past  50  years  by 
various  investigators,  this  material  has  not  been  analyzed  sufficiently 
to  give  the  information  now  demanded  on  the  nutritive  value  of 
these  diets.  The  time  and  labor  involved  in  dietary  calculations 
by  the  long  method  has  been  one  of  the  greatest  drawbacks.  To 
overcome  this  difficulty,  short-cut  methods  were  suggested  by  Caro- 
line L.  Hunt  and  Anton  E.  Rose.  Neither  of  these,  however,  pro- 
vides for  calculation  of  calcium,  phosphorus,  and  iron.  Since  these 
minerals  are  now  known  to  be  of  great  importance  in  nutrition,  and 
since  many  American  diets  are  believed  to  be  deficient  in  one  or 
more  of  them,  a  new  short-cut  method  of  dietary  calculations  was 
developed  in  this  bureau  so  as  to  obtain  figures  on  these  three  minerals 
as  well  as  on  energy  and  protein. 

From  a  study  made  with  121  food  records  to  check  the  accuracy 
of  the  method,  it  was  found  that  on  the  whole  it  gave  results  within 
5  per  cent  of  those  obtained  by  the  long  method.  Furthermore,  the 
results  forecast  that  an  investigator  using  this  method  for  calculat- 
ing the  nutritive  value  of  a  varied  diet  should  expect  agreement  with 
the  long  method  within  7  per  cent  for  energy  and  10  per  cent  for 
protein,  calcium,  phosphorus,  and  iron.  Investigation  of  the  time 
element  shows  that  this  method  saves  on  the  average  about  42  per 
cent  of  the  time  necessary  for  the  long  calculation.  If  at  any  time 
the  average  food-composition  figures  used  in  making  dietary  calcu- 
lations are  revised,  the  short-cut  methods  based  on  those  figures'  will 
also  need  revision. 
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INTROD 

UCTION 

On  January  29,  1921,  a  windstorm  of  extraordinary  violence, 
apparently  originating  off  the  coast  of  Oregon,  swept  inland  in  a 
northeasterly  direction  between  the  mouth  of  the  Columbia  River  and 
the  west  coast  of  Vancouver  Island.  On  the  Olympic  Peninsula  in  the 
State  of  Washington,  the  damaged  area  comprised  a  strip  60  miles  long 
and  extending  inland  to  a  width  of  15  to  20  miles  or  even  more.  At 
North  Head,  on  the  southwest  corner  of  the  peninsula,  the  wind 
attained  a  recorded  velocity  of  over  140  miles  per  hour  before  the 
instrument  was  wrecked.  Rains,  heavy  even  for  this  region  of  high 
precipitation,  preceded  the  storm.  At  Forks,  in  the  northwest  por- 
tion of  the  peninsula  and  in  the  heart  of  the  storm  zone,  there  was  a 
rainfall  of  23.73  inches  during  December,  1920,  and  of  29.70  inches 
during  January,  1921.  On  January  29  the  rain  gauge  was  damaged 
by  the  storm  and  did  not  catch  the  rain.  For  the  year  from  Septem- 
ber 8,  1920,  to  September  7,  1921,  inclusive,  the  rainfall  amounted  to 
152.37  inches.  The  mean  December  precipitation  is  18.13  inches; 
January,  19.49  inches;  and  annual,  122.34  inches.^ 

The  heavy  rains  made  the  soil  so  soft  and  loose  that  a  windfall 
without  a  known  parallel  in  the  world  resulted.  The  dense,  mixed 
stands  of  western  hemlock  {Tsuga  Jieterophylla  (Raf.)  Sarg.),  silver 

lU.  S.  Department  of  Agriculture,  Weather  Bureau,  summary  of  the  climatoloqical  data 
FOR  the  united  STATES,  BY  SECTIONS.  WESTERN  WASHINGTON.  U.  S.  Dept.  Agr.,  Weather  Bur.  Bui. 
W,  p.  5,  1924.     (Reprint  sec.  19.) 
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fir  {Ahies  a7nahilis  (Loud.)  Forbes),  and  Sitka  spruce  (Picea  sitchensis 
(Bong.)  Carr.)  occupying  the  low -lying  country  near  the  coast 
suffered  most  severely.  There  the  trees  were  completely  blown 
down  over  extensive  areas.  These  trees,  with  their  heavy  crowns, 
shallow  root  systems,  and  habit  of  growing  in  dense  stands  through 
which  the  wind  could  pass  with  difficulty,  were  very  susceptible  to 
w^ind  throw.  Douglas  fir  (Pseudotsuga  taxijolia  (Lam.)  Brit.)  was 
not  so  badly  wind  thrown  as  the  preceding  species,  since  the  so-called 
fir  belt  is  near  the  eastern  edge,  of  the  storm,  where  the  wind  was 
less  violent.  Furthermore,  this  species  is  deeper  rooted  and  grows 
in  stands  more  open  than  the  preceding.  In  the  Douglas  fir  type, 
areas  on  which  the  trees  were  completely  leveled  were  relatively 
small,  at  the  most  comprising  just  a  few  acres,  while  general^  only 
part  of  the  trees  in  the  stand  were  wind  thrown.  Western  red  cedars 
{Thuja  plicata  D.  Don),  with  their  lighter  crowns,  shorter  boles,  and 
deeper  root  systems,  classed  with  Douglas  firs  in  their  resistance  to 
windfall.  Both  young  second  growth  and  virgin  overmature  stands 
suft'ered,  second-growth  western  hemlock  in  particular  being  severely 
damaged. 

Plate  1  shows  the  effect  of  the  storm  on  such  a  stand.  The  con- 
dition of  the  timber  after  the  storm  was  appalling.  Huge  trees  up 
to  6  feet  in  diameter  breast  high  had  been  uprooted,  and  tangled 
masses  of  roots,  soil,  and  rocks  reared  15  to  40  feet  in  the  air.  Large 
trees  with  red-brown  butt  rot  caused  by  the  velvet-top  fungus  (Poly- 
porus  schweinitzii  Fr.)  were  not  uprooted  but  were  usually  broken 
off  with  a  splintering  break  6  to  15  feet  or  more  above  the  ground 
level.  Normally,  the  down  trees  w^ere  lying  in  one  general  direction 
in  any  one  area,  but  in  occasional  places  they  were  crisscrossed  and 
twisted  into  a  churned-up  mass,  indicating  that  the  storm  was  par- 
tially cyclonic  in  character. 

The  actual  quantity  of  timber  that  was  wind  thrown  will  never  be 
known,  since  the  storm-swept  zone  w^as  never  completely  cruised. 
It  has  been  variously  estimated  as  3.5  to  9.5  billion  feet  board  measure, 
or  0.6  to  1.6  billion  cubic  feet.  The  true  figure  lies  somewhere  between 
and  is  probably  closer  to  the  lower  than  to  the  higher  estimate.  A 
partial  cruise  ^  of  that  portion  of  the  wind-swept  area  within  the 
Olympic  National  Forest,  most  of  which  lies  along  the  eastern  limits 
of  the  storm  where  the  damage  was  not  so  severe,  showed  the  follow- 
ing percentages  by  board-foot  volume  of  the  various  species  dow^n: 
Western  hemlock,  18.9;  silver  fir,  16.7;  Sitka  spruce,  9.8;  Douglas 
fir,  6.1;  western  red  cedar,  6.2;  all  species,  14.4. 

Evidences  of  previous  windfalls  are  not  lacking  in  this  region. 
On  December  5,  1923,  another  storm  in  the  same  general  region 
blew  down  about  125  million  feet  board  measure  over  an  area  approxi- 
mately 8  miles  wide  by  25  miles  long. 

Immediately  after  the  catastrophe  of  1921  the  most  important 
question  that  arose  in  connection  with  possible  salvage  operations 
was  the  rate  of  deterioration  of  this  down  timber.  Unfortunately, 
no  direct  information  was  available.  European  forestry  literature 
abounds  with  references  to  windfall,  particularly  in  the  Alps,  but 
with  the  intensive  utilization  prevalent  there,  salvage  operations  are 

»  CONOVER,  C.  J.     DESCRIPTIVE  REPORT  AND  COST  REPORT  OF  THE  NORTHWEST  END  PROJECT,  OLYMPIC 

BLOW-DOWN  AREA,  OLYMPIC  NATIONAL  FOREST.   U.  S.  Forest  Service,  Portland,  Greg.    1921.   [Unpublished 
manuscript.] 
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carried  through  so  rapidly  that  the  timber  has  httle  chance  to  de- 
teriorate, and  then,  too,  different  species  of  much  snialler  size  are 
invariably  involved.  It  was  known  from  the  occasional  windfalls 
encountered  on  logging  operations  in  western  Washington  that  western 
hemlock,  silver  fir,  and  Sitka  spruce  would  decay  rather  rapidly,  2  to 
5  years  being  the  time  estimated  for  these  species  to  become  un- 
merchantable, while  western  red  cedar,  except  for  the  sapwood,  which 
decays  readily,  would  last  indefinitely.  Douglas  fir  was  known  to  be 
very  durable,  trees  that  had  been  down  25  to  30  years  still  containing 
considerable  merchantable  volume. 

In  view  of  the  enormous  quantity  of  timber  involved,  the  years 
that  must  elapse  before  it  could  be  reached  by  logging  operations, 
and  the  possibihty  of  future  windfalls  in  the  same  region,  it  was  con- 
sidered advisable  to  study  the  rate  of  deterioration  of  the  down  trees. 
The  locality  around  Forks,  in  Clallam  County,  which  was  in  the 
heart  of  the  wind-swept  area  and  climatically  and  silviculturally 
characteristic  of  the  storm  zone  as  a  whole,  was  selected  for  the  work. 
Except  in  1925,  yearly  observations  were  made  there  at  the  end  of 
August  or  in  early  September,  beginning  with  the  summer  following 
the  storm,  and  from  June  to  September,  1926,  a  party  of  three  men 
made  detailed  measurements  of  the  down  trees.  During  the  seasons 
of  general  observations,  1921  to  1924,  inclusive,  no  data  were  ob- 
tained on  silver  fir  and  western  red  cedar,  because  of  the  inaccessi- 
bility of  down  trees  of  these  species.  It  was  not  considered  worth 
the  increased  cost  to  investigate  them,  since  the  durabihty  of  western 
red  cedar  was  well  known  and  it  was  reasonably  certain  that  silver 
fir  would  be  comparable  to  western  hemlock. 

CONDITION    IN    1921 

The  locality  around  Forks  was  first  visited  on  August  27  to  29, 
1921.  At  that  time  there  was  no  decay  in  any  species.  Douglas  fir 
was  free  from  sap  stain  except  where  the  trees  had  been  cut  in  clearing 
out  roads  and  trails,  and  then  on  the  sapwood  of  the  sawed  ends 
there  was  usually  a  heavy  blue  stain,  which,  however,  did  not  pene- 
trate to  a  depth  of  more  than  1  inch.  There  was  some  blue  stain 
in  a  few  trees  that  had  been  attacked  by  ambrosia  beetles.  Western 
hemlock  sapwood  was  occasionally  slightly  blue  stained,  but  in  the 
few  trees  attacked  by  ambrosia  beetles  the  staining  was  intense. 
Sitka  spruce  was  intermediate  between  the  Douglas  fir  and  western 
hemlock  in  beetle  infestation  and  staining.  On  Sitka  spruce  and 
western  hemlock  the  common  beetles  were  Gnathotrichus  sulcatus  Lec.^ 
and  Trypodendron  cavifrons  Mannh.  The  last-named  species  occurred 
also  on  Douglas  fir. 

CONDITION    IN    1922 

The  timber  was  again  examined  on  August  30  and  31,  1922.  The 
Douglas  fir  had  deteriorated  little.  There  had  been  a  slight  increase 
in  the  infestation  of  ambrosia  beetles,  confined  to  the  sapwood.  An 
occasional  tree  without  beetle  infestation  was  slightly  blue  stained. 
On  the  places  where  the  bark  had  been  knocked  off  in  falling,  either 
very  superficial  and  slight  decay  or  injury  by  flat-headed   borers^ 

'The  writer  is  indebted  to  J.  M.  Swaine,  of  the  entomological  branch,  Department  of  Agricultun 
Dominion  of  Canada,  for  the  identification  of  these  insects. 
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(Buprestidae)  was  occasionally  encountered.  Of  the  western  hem- 
locks examined  one  tree  was  fomid  with  decay  caused  by  the  red-belt 
fungus  {Fomes  pinicola  (Ft.)  Cke.)  just  starting  on  the  upper  side  of 
the  trunk.  The  sapwood  of  some  trees  that  were  heavily  attacked  by 
ambrosia  beetles  was  badly  blue  stained.  But  practically  all  the 
trees  were  free  from  decay,  although  most  of  them  were  slightly  blue 
stained.  Fewer  trees  of  Sitka  spruce  than  of  western  hemlock  were 
blue  stained,  and  the  stain  was  not  so  deep.  At  this  time  there  was 
no  checking,  and  the  actual  loss  in  saw  timber,  except  for  the  breakage 
in  falling,  amounted  to  little. 

CONDITION   IN    1923 

The  third  examination  of  this  timber  was  made  on  August  14  to  17, 
1923.  Sixty  Douglas  firs  from  48  to  80  inches  in  diameter  breast  high 
that  had  been  opened  up  by  woodcutters  were  found  to  be  sound,  with 
one  exception.  This  tree,  61  inches  in  diameter  breast  high,  had  the 
sapwood  decayed  to  a  depth  of  1 .7  inches  on  the  top  one-fourth  of  the 
circumference  and  for  a  lineal  distance  of  90  feet.  This  would  result 
in  very  slight  loss  in  merchantability,  since  the  affected  portion  would 
slab  out  when  sawed.  The  sapwood  of  about  15  per  cent  by  number 
of  the  trees  was  infested  with  ambrosia  beetles.  Blue  stain  was  not 
found  except  in  the  sapwood  attacked  by  ambrosia  beetles,  and  even 
then  the  stain  was  confined  to  the  vicinity  of  the  insect  galleries. 
Fungous  mycelium  was  not  imcommon  between  the  bark  and  the 
wood.     The  bark  was  just  beginning  to  slip. 

Of  40  western  hemlocks,  which  were  somewhat  smaller  than  the 
Douglas  firs,  90  per  cent  by  number  were  heavily  infested  by  ambrosia 
beetles  and  blue  stained  throughout  the  sapwood.  Fifty  per  cent  by 
number  of  these  trees  showed  the  early  stages  of  decay  on  the  upper 
sides  of  their  trunks,  extending  to  a  depth  of  not  more  than  1.5  inches, 
but  this  would  result  in  very  little  loss  in  merchantable  volume,  since 
the  decayed  portion  would  mostly  go  into  slabs  when  the  trees  were 
sawed. 

Thirty  Sitka  spruces  of  the  same  general  size  as  the  Douglas  firs 
were  examined.  These  trees  were  in  the  same  general  condition  as 
the  western  hemlocks  except  that  only  60  per  cent  by  number  were 
infested  with  ambrosia  beetles,  while  25  per  cent  showed  superficial 
decay  on  the  upper  sides  of  the  trimks.  One  tree  was  decayed  by 
the  shelf  fungus  (Fomes  applanatus  (Pers.)  Wallr.)  to  a  depth  of  3 
inches  over  a  very  small  area  where  the  bark  had  been  knocked  off 
when  the  tree  blew  down. 

The  sapwood  of  every  tree  of  the  three  species  examined  was  very 
moist  and  checking  had  not  begun.  The  thick  bark  of  these  large 
trees  afforded  excellent  protection  against  the  sun  during  the  short 
dry  season  in  summer. 

A  stand  of  second-growth  hemlock,  completely  wind  thrown, 
presented  a  different  condition.  The  trees  varying  from  13  to  30 
inches  in  diameter  breast  high,  with  an  average  of  21  inches,  were 
losing  their  bark,  and  the  wood  was  checking  severely,  particularly 
in  the  smaller  trees.  The  wood  was  very  hard  and  would  be  difficult 
to  saw.  The  red-belt  fungus  was  commonly  causing  sap  rot  in  the 
tops.  The  loss  in  this  second-growth  stand  had  already  amounted 
to  at  least  25  to  50  per  cent  by  board-foot  volume,  based  on  examina- 
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tions  of  some  trees  cut  into  log  lengths  near  a  small  sawmill.  The 
loss  was  mostly  due  to  checking,  but  it  was  estimated  that  in  two  or 
three  years  this  stand  would  be  economically  worthless,  the  remaining 
timber  being  destroyed  by  decay.  The  more  rapid  deterioration  of 
this  stand  is  explained  by  the  fact  that  these  smaller  trees  have  thinner 
bark,  which  dries  out  and  slips  off  relatively  soon,  exposing  the  wood 
to  checking  and  rapid  attack  by  wood-destroying  fimgi,  which 
find  in  the  wood  adjacent  to  the  checks  a  favorable  balance  of  air 
and  moisture. 

CONDITION   IN    1924 

When  the  timber  was  examined  again  on  August  7  and  8,  1924, 
there  was  abundant  evidence  that  decay  was  beginning  in  earnest. 
Sapw^ood  of  western  hemlock,  Sitka  spruce,  and  Douglas  fir  was 
commonly  affected.  The  red-belt  fungus  and  the  shelf  fungus  were 
responsible  for  most  of  the  decay,  while  Lenzites  sepiaria  (Wulf.) 
Fr.,  Polystidus  ahietinus  (Dicks.)  Fr.,  P.  versicolor  (L.)  Fr.,  and 
Stereum  rugisporum  (E.  and  E.)  Burt  were  also  at  work.  The 
decay,  confined  to  the  sapwood,  was  most  extensive  on  the  sides  and 
upper  surfaces  of  the  down  trees,  while  there  w^as  little  or  no  decay 
on  the  under  surfaces  where  the  wood  retained  for  a  longer  time  its 
high  moisture  content  and  consequent  lessened  supply  of  oxygen, 
together  with  a  probable  low^er  average  temperature.  This  freedom 
from  decay  was  particularly  true  of  those  trunks  resting  on  the 
ground. 

CONDITION   IN    1926 

METHOD  OF  STUDY 

It  had  been  originally  planned  to  make  careful  measurements  of 
the  exact  amount  of  deterioration  of  this  timber  during  the  summer 
of  1925,  but  emergency  work  prevented  this  imtil  1926,  five  seasons 
after  the  windfall  had  occurred,  w^hen  a  party  of  three  worked  from 
June  to  September  measuring  down  trees  *  in  the  vicinity  of  Forks, 
where  the  previous  observations  had  been  made. 

Where  possible,  down  trees  that  had  been  cut  into  log  lengths 
on  logging  operations  were  measured,  but  since  there  was  very  little 
logging  under  way  in  the  down  timber,  it  was  necessary  for  the  field 
party  themselves  to  open  up  most  of  the  trees  sufficiently  for  exami- 
nation and  measurement.  This  was  done  by  chopping  into  the  trees 
at  definite  intervals,  corresponding  to  the  log  lengths,  until  sound 
wood  was  reached.  In  measuring  a  tree  the  height  above  the  former 
ground  level  at  which  it  was  possible  to  make  the  first  saw  cut  was 
determined  and  became  the  stump  height.  The  first  and  second 
logs  were  each  measured  as  16.3  feet,  but  the  other  logs  were  measured 
in  as  nearly  uniform  lengths  as  possible  (with  32  feet  plus  the  trim- 
ming allowance  of  0.5  foot  fixed  as  the  maximum  log  length, 
in  accordance  with  Forest  Service  practice  in  this  region),  depending 
on  the  broken  sections  in  the  tree  and  the  point  on  the  bole  at  which 
the  8-inch  diameter  inside  bark  was  reached,  this  being  the  fixed 
merchantable  limit  decided  upon.  Beyond  this  diameter  the  bole 
was  considered  as  top  and  one  lineal  measurement  taken.  The  first 
two  log  measurements  were  made  at  16.3-foot  intervals  in  order  to 

*  Earl  Q.  Mason,  of  the  school  of  forestry,  Oregon  State  Agricultural  College,  was  in  charge  of  taking  these 
measurements,  and  the  writer  is  indebted  to  him  for  the  eflScient  conduct  of  the  work. 
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reduce  as  much  as  possible  the  error  in  figuring  cubic  vohune  caused  by 
the  butt  swell.  At  each  log  length  the  average  diameter  inside  bark, 
together  with  the  average  thickness  of  the  bark,  sapwood,  and  decayed 
wood,  was  determined.  Where  possible  diameter  measurements  were 
made  with  a  tape;  otherwise  calipers  were  used.  All  measurements 
were  taken  to  the  nearest  tenth.  Notes  were  also  made  on  the  kind 
and  character  of  the  decay. 

In  computing  cubic-foot  volumes,  the  entire  tree  from  ground 
level  to  tip  was  included;  the  stump  was  considered  as  a  cylinder, 
each  log  as  the  frustum  of  a  paraboloid,  applying  the  Smalian  for- 
mula,^ and  the  top  as  a  cone.  In  those  trees  in  which  the  top  had 
been  broken  off  previous  to  the  windfall,  that  is,  stag-headed  trees, 
the  section  beyond  the  8-inch  diameter  inside  bark  was  treated  as  the 
frustum  of  a  paraboloid  instead  of  as  the  frustum  of  a  cone,  since  it 
was  found  that  the  slightly  increased  volume  given  by  the  first  formula 
was  a  negligible  difference  based  on  the  total  volume  of  the  tree,  and 
volumes  by  this  formula  were  so  much  more  quickly  computed  than 
by  the  formula  for  the  frustum  of  a  cone.  In  determining  the  board- 
foot  volumes  of  the  trees,  that  portion  of  the  bole  lying  between  stump 
height  and  a  fixed  top  diameter  of  8  inches  inside  bark  w^as  considered 
as  merchantable.  The  logs  were  measured  in  board  feet  by  the  Scribner 
Decimal  C  rule. 

When  this  timber  was  blown  down  the  trees  were  piled  on  top  of  one 
another,  and  huge  mounds  of  earth  around  the  butt  torn  up  by  the 
roots  were  not  uncommon.  As  a  result  of  this  it  was  impossible 
to  cut  most  of  the  trees  at  the  normal  stump  height,  and  long  stumps 
were  the  rule  rather  than  the  exception,  occasioning  considerable 
waste.  This  w^aste  was  figured  by  the  following  method:  It  was 
found  on  logging  operations  in  this  locality  that  a  stump  4  feet 
high,  halfway  on  the  slope,  was  about  the  average  when  standing 
timber  was  felled.  This  was  fixed  as  the  stump  height,  and  greater 
heights  were  considered  as  waste.  If  an  8-foot  stump  section  had  to 
be  left,  4  feet  of  this  was  computed  as  stump  and  4  feet  as  waste.  In 
cubic-foot  volume  this  was  done  by  treating  the  entire  8  feet  as  a  cylin- 
der with  the  top  diameter  for  both  sections  taken  at  the  8-foot  mark. 
There  is,  of  course,  a  slight  error  introduced  by  this  method,  since  the 
taper  is  not  allowed  for;  but  the  additional  work  involved  in  eliminat- 
ing this  error  was  not  considered  justified  by  the  purpose  of  this  study. 
In  board-foot  volume  this  4  feet  of  waste  was  not  scaled  independently, 
because  such  a  method  would  give  too  high  a  value,  but  it  was  added 
to  the  length  of  the  butt  log,  and  the  waste  considered  as  the  differ- 
ence between  the  actual  scale  of  the  butt  log  as  cut  and  the  scale 
including  this  waste  section.  For  example,  a  butt  log  16.3  feet  long 
with  an  average  top  diameter  inside  bark  of  52.4  inches  would  scale 
as  a  52-inch  16-foot  log  containing  2,020  feet  board  measure.  Adding 
the  4  feet  of  waste,  the  log  would  be  20  feet  long,  containing  2,530 
board  feet  which,  minus  the  actual  loss,  510  board  feet  would  be 
2,020  board  feet. 

The  two  other  sources  of  loss  in  this  timber  were  breakage  in 
falling,  and  decay.  Only  decay  occurring  subsequent  to  the  windfall 
was  considered.     Fortunately,  the  standing  timber  in  this  region  is 

» (B+b)  2^'  in  which  B  =  basal  area  of  the  large  end  of  the  log  in  square  feet,  b= basal  area  of  the  small, 
end  in  square  feet,  and  h= length  of  the  log  in  feet. 
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relatively  sound.  Decay  in  the  down  timber  began  in  the  outer  sap- 
wood  and  worked  in,  so  it  was  easy  to  separate  this  from  the  decays 
present  in  the  trees  when  they  were  living,  since  such  decays  were 
practically  confined  to  the  central  portion  of  the  heartwood.  Further- 
more, as  will  be  shown  later,  the  Indian  paint  fungus  {EcMnodontium 
tinctorium  E.  and  E.),  the  velvet-top  fungus  {Polyporus  schweinitzii), 
the  ring-scale  fungus  {Trametes  pini  (Thore)  Fr.),  the  quinine  fmigus 
(Fomes  laricis  (Jacq.)  Murr.),  and  the  rose-colored  Fomes  {F.  roseus 
(A.  and  S.)  Cke.)  attacking  the  heartwood  of  the  living  trees  were 
rarely  associated  with  the  decays  working  from  the  sapwood  into  the 
heartwood  of  the  down  trees. 

In  board  feet  the  amount  of  decay  was  figured  in  relation  to  the 
amount  of  timber  broken  in  falling  and  lost  in  the  stump.  The 
amount  of  the  two  last-named  losses  was  first  scaled  for  each  tree 
and  the  amount  of  decay  determined  for  the  remaining  merchantable 
volume.  In  cubic  feet  the  decay  was  considered  independently  of 
the  two  other  causes  of  loss,  that  is,  the  amount  of  decay  in  the 
breaks  and  the  long  stumps  was  also  figured.  This  was  done  so 
that  figures  expressing  the  exact  amount  of  decay  in  relation  to  the 
entire  volume  of  the  trees  could  be  obtained.  Consequently,  in  the 
subsequent  discussion  and  tables  where  the  total  loss  figures  for 
cubic  feet  are  given,  these  are  slightly  higher  than  actual,  since  a 
portion  of  the  loss  in  breakage  and  long  stumps  is  also  included  under 
decay.  This  is  not  important  from  a  practical  standpoint,  since 
cubic-foot  measure  is  theoretical,  and  the  lumber  industrj^  in  this 
region  uses  only  board-foot  measure. 

Wind-thrown  trees  were  studied  on  12  different  plots  in  the  general 
vicinity  of  Forks.  Measurements  were  distributed  by  species  as 
indicated  in  Table  1. 

Table  1, — Species,  number,  and  volume  of  trees  studied 


Species 

Number 

Volume 

Cubic  feet 

Board  feet 

Western  hemlock. 

173 
100 
135 
112 
49 

31,963 
26,906 

175, 240 

Silver  fir 

151. 440 

Sitka  spruce 

88,761  1           549.940 

Douglas  fir 

91, 962 
18,165 

599,020 

Western  red  cedar.     

97,660 

Total.. 

569 

257,  757 

1,  573.  300 

AMOUNT  OF  LOSSES 


Since  this  study  dealt  wnth  the  rate  of  deterioration  of  dead,  down 
timber,  it  was  apparent  that  the  age  of  the  trees  when  wind  thrown 
would  not  be  related  to  the  rate  of  deterioration  except  in  so  far  as  age 
correlated  with  size,  but  that  diameter  breast  high  would  be  most 
closely  related  to  deterioration.  This  had  been  brought  out  by  a 
previous  study  on  western  yellow  pine,^  in  which  it  was  clearly 
indicated  that  the  larger  trees  deteriorated  more  slowly.  Conse- 
quently the  following  data  are  arranged  by  4-inch  diameter  classes. 


•  BOYCE,  J.  S.      THE  DETERIORATION  OF  FELLED  WESTERN  YELLOW  PINE  ON  INSECT-CONTROL  PROJECTS. 

U,  S.  Dept.  Agr.  Bui.  1140:  3.     1923. 
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LOSSES   IN    WESTERN    RED    CEDAR 

In  Table  2  the  loss  in  cubic-foot  and  board-foot  volume  is  sum- 
marized for  western  red  cedar  from  the  two  plots  on  which  this  species 
occurred.  There  was  not  sufficient  basis  of  trees  to  show  any  differ- 
ence between  the  plots,  and  because  of  the  uniform  conditions  on 
them  it  is  highly  doubtful  whether  any  differences  other  than  those 
attributable  to  size  would  have  been  brought  out  by  a  larger  basis. 
This  holds  also  for  the  other  species. 

Table  2. — Loss  in  wind-thrown  western  red  cedar,  in  1926,  five  years  after  windfall 


Aver- 
age 
height 
(feet) 

Percentage  of  average  volume- 

high  (inches) 

per  tree 

Broken  in 
falling 

Lost  in 
stump 

Decayed 

Sapwood 

Num- 
ber of 
trees 
(ba- 

Class 

Aver- 
age 

Board 
feet 

Cubic 
feet 

Board 
feet 

Cubic 
feet 

Board 
feet 

Cubic 
feet 

Board 
feet 

Cubic 
feet 

Board 
feet 

Cubic 
feet 

sis) 

14 

14.8 
16.3 
22.2 
24.8 
30.2 
33.8 
38.5 
41.9 
45.0 
49.6 
54.0 
59.4 
62.0 
65.2 
69.2 

82.1 
72.4 
99.6 
99.4 
114.0 
125.1 
132.9 
137.7 
144.6 
145.7 

"ll%Y 

"im'Y 

123 

60 

335 

390 

690 

1,060 

1,210 

1,908 

2,540 

3,262 

3,510 

5,030 

7,190 

5,860 

6,965 

37.4 

33.7 

93.1 

106.1 

158.2 

233.2 

257.5 

380.0 

480.8 

587.6 

611.7 

879.1 

1,087.9 

972.5 

1,193.6 

0 
0 

2.2 
0 

1.0 
7.4 
2.8 
6.6 
0 

9.9 
9.4 
7.2 
10,4 
5L0 
12.1 

0 
0 
3.7 

;.. 

6.6 
3.3 
8.5 
0 

10.2 
9.8 
6.0 
8.5 
32.9 
11.6 

0 
0 
0 

L3 
10.1 
2.7 
4.4 
L5 
0 

4.3 
8.0 
7.4 
3.3 
1.7 
7.7 

0 
0 
0 

L3 
8.9 
2.4 
4.6 
L8 
0 

4.6 
7.8 
7.3 
3.6 
.1 
9.2 

32.4 
16.7 
22.0 
24.4 
17.6 
18.9 
20.4 
16.6 
15.8 
8.6 
14.4 
6.6 
7.7 
2.6 
5.2 

20.1 
16.7 
14.6 
13.5 
14.2 
11.4 
12.0 
9.8 
11.5 
6.8 
9.7 
7.4 
5.7 
4.1 
4.9 

27.0 
16.7 
27.6 
23.2 
19.3 
18.0 
16.7 
16.4 
17.7 
9.2 
10.7 
5.7 
6.5 
5.8 
5.3 

21.6 
13.0 
19.1 
14.6 
13.6 
13.0 
13.6 
11.5 
12.5 
8.0 
8.2 
7.4 
5.8 
4.6 
4.9 

3 

18 

1 

22 

26 

30 

34 

4 
4 
3 

g 

38. 

I 

42 

I 

46 

50 

1 
5 

54 

58 

2 
1 

62 

66 

70..   . 

2 

1 
2 

Average 
or  total. 

38.4 

123.2 

1,993 

370.7 

10.7 

9.1 

4.3 

4.4 

n.6 

8.5 

ILl 

9.3 

49 

The  loss  caused  by  breakage  when  the  trees  were  wind  thrown 
amounted  to  10.7  per  cent  and  9.1  per  cent  of  the  total  volume  in 
board  and  cubic  feet,  respectively.  The  smaller  trees  showed  less 
loss  from  this  cause  than  the  larger,  as  was  to  be  expected.  The 
amount  lost  in  the  stump  was  also  greater  in  the  higher  diameter 
classes  as  a  whole.  This  loss  was  4.3  per  cent  in  board  feet  and  4.4 
per  cent  in  cubic  feet. 

Decay  up  to  that  time  had  caused  a  loss  of  11.6  per  cent  in  board 
feet  and  8.5  per  cent  in  cubic  feet.  There  was  a  very  marked  and 
fairly  regular  decrease  in  the  percentage  of  decay  with  the  increase 
in  diameter  in  both  board  and  cubic  feet.  In  order  to  bring  out  the 
relation  of  decay  to  sapwood,  the  percentages  of  sapwood  in  board 
and  cubic  feet  were  figured.  A  slight  error  was  introduced  in  com- 
puting the  volume  of  sapwood.  In  the  tops,  beyond  the  8-inch 
diameter  inside  bark,  the  heartwood  was  considered  as  a  cone  ex- 
tending from  that  point  to  the  tip  of  the  tree,  whereas  in  reality  the 
heartwood  ends  at  varying  distances  between  these  two  points. 
This  resulted  in  a  lower-than-actual  figure  for  the  amount  of  sapwood 
in  the  top,  but  with  trees  of  the  size  studied  this  error  is  insignificant, 
and  it  was  not  considered  worth  the  time  necessary  in  the  field  to 
determine  the  point  at  which  the  heartwood  ended  in  order  to  elimi- 
nate this  error.     As  with  decay,  there  was  a  fairly  regular  decrease 
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Fig.  1.— Diagrammatic  smoothed  curves  illustrating  the  percentages 
of  decay  and  sapwood  in  western  red  cedar,  based  on  volume  in 
cubic  feet 


in  the  percentage  of  sapwood  with  the  increase  in  diameter.  The 
amount  of  decay  and  of  sapwood  correspond  very  closely,  the  total 
of  the  former  being  0.5  per  cent  higher  than  the  sapwood  in  board 
feet  and  0.8  per  cent  lower  in  cubic  feet.  The  figures  in  cubic  feet 
are  more  accurate,  since  volume  computations  in  this  medium  can 
be  relatively  exact,  while  the  unavoidable  inaccuracies  inherent  in 
.the  computations  of 
board-foot  volume  are 
too  well  known  to 
necessitate  discussion 
here.  These  figures 
show  that  in  1926 
not  all  the  sapwood 
of  western  red  cedar 
had  been  affected  by 
decay. 

This  relation  be- 
tween decayed  wood 
and  sapwood  was  more 
apparent  when  the 
data  were  plotted  and 
curves  drawn.  Figure 
1  shows  the  relation 
between  decay  and  sapwood  in  cubic  feet.  The  two  curves  have 
practically  the  same  form,  the  volume  of  decayed  wood  being  slightly 
less  than  that  of  sapwood  except  in  the  higher  diameters,  where  the 
two  coincide.  In  Figures  2  and  3,  curves  of  the  same  data  in  board 
feet  are  shown.  The  curves  of  sapwood  and  decayed  wood  had  to  be 
presented  as  separate  figures,  since  they  practically  coincide. 

The  total  loss  in 
these  49  dead  and 
down  trees,  including 
breakage  in  falhng,loss 
in  stump,  and  decay, 
was  26.6  per  cent  in 
board  feet.  However, 
these  percentages  were 
higher  than  the  actual 
losses  in  the  cedar 
windfalls,  since  some  of 
the  down  trees  were 
still  hving.  This  is  ex- 
plained by  the  fact  that 
the  roots  of  some  of 
the  wind-thrown  trees 
were     not    entirely 
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Fig,  2.— Diagrammatic  smoothed  curve  Dlustrating  the  percentages 
of  decay  in  western  red  cedar,  based  on  volume  in  board  feet 


broken  off  or  pulled  out  of  the  ground  and  were  covered  with  loose  dirt. 
While  the  tops  were  broken  off  and  dead,  there  were  enough  Hving 
limbs  on  the  upper  sides  of  the  trunks  to  keep  the  trees  ahve.  AU 
the  Hmbs  on  the  under  sides  of  the  trunks  were  dead.  On  the  two 
plots  with  the  49  down  dead  trees,  there  were  in  addition  11  down 
trees,  or  18.3  per  cent,  still  hving.  Detailed  measurements  on  3  of 
these  trees,  which  were  respectively  31.5,  34.1,  and  35.8  inches  in 
17617—29 2 
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Fig.  3.— Diagrammatic  smoothed  curve  illustrating  the  percentages 
of  sapwood  in  western  red  cedar,  based  on  volume  in  board  feet 


diameter  breast  high,  showed  no  loss  of  any  kind  in  2  of  them  and 
a  slight  loss  from  decay  and  breakage  in  falling  in  the  largest,  amount- 
ing to  1.1  per  cent  and  1.7  per  cent  of  the  total  board-foot  volume 
of  the  3  trees  and  1  per  cent  and  3  per  cent  of  the  total  cubic-foot 
volume.  Decay  attacked  dead  portions  of  the  sapwood  connected 
with   dead    limbs,    dead    roots,   or   broken-off  tops.     On   the  under 

side  of  these  living 
trees  it  was  noticed 
that  the  annual  rings 
put  on  since  the  trees 
had  fallen  were  much 
browner  in  color  than 
normal.  An  examina- 
tion of  these  rings 
showed  them  to  be 
largely  composed  of 
compression  wood, 
which  so  commonly 
forms  in  conifers  in 
connection  with  ec- 
centric growth.  The 
rate  of  diameter 
growth  was  normal  on  two-thirds  of  the  trees  and  decidedly  slower  on 
the  remainder. 

LOSSES  IN  DOUGLAS  FIR 

Table  3  summarizes  the  losses  in  cubic-foot  and  board-foot  volume 
for  the  Douglas  firs  from  the  seven  plots  on  which  the  species  were 
represented.  Here  ^ 
again  in  breakage 
in  falling  and  loss 
in  the  stump  in 
both  board  and 
cubic  foot  volume 
there  is  a  greater 
loss  in  the  higher 
diameters.  The 
decrease  in  the 
relative  amount  of 
decay  in  both 
board-foot  and 
cubic-foot  volume 
with  the  increase  in 
the  size  of  the  trees 
as  indicated  by  the 
diameter  breast  high  is  very  marked,  and  it  is  again  noticeable  that  the 
loss  in  decay  corresponds  very  closely  to  the  amount  of  sapwood,  the 
total  being  a  little  less  in  both  units  of  volume.  In  Figures  4  and  5  is 
given  the  relation  of  decay  and  sapwood  in  board  and  cubic  feet,  show- 
ing that  the  percentage  of  decay  is  very  close  to  the  percentage  of 
sapwood  in  the  smaller  trees,  and  thus  indicating  that  decay  would 
soon  attack  the  heartwood.  The  combined  loss  from  all  causes 
amounted  to  34.5  per  cent  of  the  board-foot  volume. 

It  was  noticeable  that  in  some  trees  the  sapwood,  although  appar- 
ently firm  and  sound,  was  discolored  and  was  a  decided  pink.     At 
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first  it  was  thought  that  this  might  be  the  incipient  stage  of  some 
decay,  but  later  experience  indicated  that  it  was  merely  the  leaching 
of  the  red-brown  color  from  the  very  moist  inner  bark  into  the  equally 
moist  sap  wood. 
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Fig.  5.— Diagrammatic  smoothed  curves  illustrating  the  percentages  of 
decay  and  sapwood  in  Douglas  fir,  based  on  volume  in  cubic  feet 

Table  3. — Loss  in  wind-thrown  Douglas  fir,  in  1926,  five  years  after  windfall 


Diameter  breast 
high  (inches) 

Aver- 
age 
height 
(feet) 

Average  vol- 
ume per  tree 

Percentage  of  average  volume- 

Num- 

Class 

Aver- 
age 

Board 
feet 

Cubic 
feet 

Broken  in 
falling 

Lost  in 
Stump 

Decayed 

Sapwood 

ber 

of 

trees 

(ba- 

Board 
feet 

Cubic'  Board 
feet      feet 

Cubic 
feet 

Board 
feet 

Cubic 

feet 

Board 
feet 

Cubic 
feet 

ils) 

18-. 

19.7 

155.3 

540 

118.8 

5.6 

5.7 

0 

0 

33.3 

30.8 

35.2 

29.3 

1 

22 

26_- 

27.1 

29.8 
34.5 
38.6 
41.9 
45.9 
49.9 
53.7 
58.0 
62.0 
65.8 
70.2 
75.4 
77.5 

168.5 
175.2 
187.6 
193.9 
202.2 
214.8 
220.7 
226.2 
225.7 
231.7 
235.1 
233.2 
264.7 
232.1 

1,020 
1,666 
2,105 
2,870 
3,693 
4,663 
5,702 
7,283 
8,525 
9,512 
10,758 
12,  405 
17,380 
15,630 

194.6 

284.5 

358.9 

472.0 

591.8 

715.6 

885.2 

1, 104.  7 

1,306.5 

1, 405. 4 

1,  592.  4 

1,  773.  6 

2,  580.  2 
2,  248.  2 

0 

8.0 
6.5 
5.5 
11.4 
12.5 
14.6 
13.4 
12.3 
14.2 
17.5 
16.1 
.4 
15.7 

0 

9.7 
6.4 
6.7 
12.5 
13.4 
14.9 
14.9 
14.6 
16.2 
18.0 
17.0 
1.4 
17.6 

0 

3.3 

3.8 

2.1 

2.5 

3.9 

2.6 

3.1 

4.0 

4.3 

3.2 

7.4 

1.0 

7.7 

0 

3.2 

4.1 

2.2 

2.5 

3.9 

2.8 

3.3 

4.7 

4.8 

3.4 

7.2 

1.0 

7.1 

45.1 
29.2 
25.6 
23.2 
20.7 
19.7 
18.3 
17.4 
20.7 
16.0 
14.4 
13.2 
14.3 
13.8 

26.2 
23.8 
17.9 
17.9 
17.6 
18.4 
17.0 
16.5 
16.3 
16.1 
16.1 
14.2 
12.3 
17.8 

45.1 
30.2 
22.8 
24.2 
22.2 
22.1 
20.9 
20.2 
16.7 
19.9 
19.2 
17.9 
12.5 
17.8 

35.1 
24.3 
18.8 
21.4 
19.6 
19.7 
18.6 
18.6 
14.5 
17.2 
17.6 
16.4 
12.4 
17.8 

1 

30 

11 

34..-._...- 

10 

38 

19 

42 

12 

46 

10 

50 

13 

54... 

11 

58 

62. 

3 
9 

66     .- 

6 

70 

4 

74 

78 

1 

1 

Average 
or  total. 

46.6 

208.2 

5,348 

821.1 

12.6 

13.6 

3.6 

3.7 

18.3 

16.9 

20.6 

18.6 

112 

12 
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LOSSES    IN    SITKA    SPRUCE 


Sitka  spruce  was  found  on  9  of  the  12  plots,  and  the  loss  in  this 
species  is  summarized  in  Table  4.  There  was  a  much  greater  range 
of  diameter  in  this  species  than  in  any  of  the  others.  In  general  the 
same  relations  in  the  loss  factors  as  found  for  the  two  preceding 
species  held  here,  except  that  the  increase  in  loss  through  breakage 
with  the  increase  in  diameter  was  not  so  apparent.  The  percentage 
of  decayed  wood  was  so  high  in  the  smaller  diameter  classes  that  the 
trees  were  no  longer  merchantable  even  though  there  was  still  a  Httle 
sound  wood  in  them.  The  total  loss  from  all  causes  amounted  to 
46.3  per  cent  of  the  board-foot  volume. 

The  measurements  for  percentage  of  sapwood  are  on  a  smaller 
basis  of  trees  than  the  measurements  of  loss.  This  is  because  it  was 
difficult  to  determine  the  hmits  of  the  sapwood  of  this  species,  many 
trees  being  so  badly  decayed  and  discolored  that  measurements  were 
impossible.  However,  it  is  apparent  that  the  percentage  of  decayed 
wood  considerably  exceeded  the  percentage  of  sapwood  except  in  the 
78-inch  diameter  class,  showing  that  decay  had  already  made  severe 
inroads  into  the  heartwood.  This  is  brought  out  more  plainly  by 
figures  6  and  7.  It  was  very  noticeable  that  in  trees  with  cracks  the 
wood  was  invariably  decayed  to  the  depth  of  the  cracks.  This  did 
not  hold  so  consistently  in  the  other  species. 

It  is  characteristic  of  Sitka  spruce  that  the  heartwood  of  some  trees 
has  a  decided  reddish  or  brownish  pink  color  instead  of  the  very  Hght- 
reddish  tinge  which  is  just  sufficient  to  distinguish  it  from  the  white 
sapwood.  The  cause  of  this  color  variation  or  the  conditions  under 
which  it  is  produced  have  not  been  determined,  but  the  field  crew 
observed  that  heartwood  of  this  deeper  color  seemed  more  resistant 
to  decay  than  that  normally  colored.  However,  sufficient  data  on 
such  trees  were  not  obtained  to  prove  this. 


LOSSES    IN    SILVER    FIR 


Silver  fir  was  studied  on  only  the  same  two  plots  on  which  western 
red  cedar  was  measured.  The  data  are  given  in  Table  5.  Again,  the 
same  general  relations  of  breakage  in  falUng  and  loss  in  stump  to 
diameter  as  found  in  the  preceding  species  are  in  evidence  here. 
The  loss  in  decay,  which  amounted  to  a  total  of  62.6  per  cent  in  board 
feet  and  44.9  per  cent  in  cubic  feet,  was  very  much  greater  than  the 
percentage  of  sapwood.  Decay  and  sapwood  are  compared  in 
Figures  8  and  9.  The  heartwood  of  this  species  had  been  severely 
attacked.  The  total  loss  from  all  causes  was  73.5  per  cent  of  the 
board-foot  volume. 


14      TECHNICAL   BULLETIN    104,    II.    S.    DEPT.    OF   AGRICULTUllE 


/vv 

90 

— 

vl 

s 

\ 

^ 

K    ''^ 

\ 

v* 

5o  eo 

1 
\ 

• 

N 

.  - 

\ 

• 

1 

\ 

» 

• 

\, 

s 

\ 

• 

\, 

N 

J 

\. 

•V 

^ 

' 

! 

< 

-V). 

'i^ 

>- 

• 

c 

^o^ 

o  — 

^< 

o 

o 

^"^ 

• 

f— 

o 

o 

o 

►    -H 

— 

/o 

--- 

-- 

-o 

i  .J..  ^ 

O  /O  20  30  <J-n  so  60  70  30  90  /OO  //O         /20 

o/-^'^f£r£^  B/5£/is>r  h/oh  — /nches^ 

Fig.  C— Diagrammatic  smoothed  curves  illustrating  the  percentages  of  decay  and  sapwood  in  Sitka 
spruce,  based  on  volume  in  board  feet 


IVU 

\ 

N 

— 

-o  s/jpyyoop 

I 

^: 

_ '   ' 

OOP 

* 

A 

s: 

\ 

\ 

c 

\ 

s 

. 

\ 

Jij  no 

\ 

0 

\ 

• 

0 

^ 

\J 

t 

\ 

^ 

^ 

\ 

n 

N 

V 

' 

r> 

\ 

> 

^ 

V 

-e, 

>v 

*<J^ 

o 

o"^ 

^« 

•> 

"**■ 

0  — 

-- 

—  J 

L 

•*^ 

»^ 

( 

— 

^ 

O  /O  JIO  30  AO  SO  60  70  SO  90  /OO  f/0         /20 

DMM£T£/i    0je£/9S'7  MCH  -/AfCHES" 

Fig.  7.— Diagrammatic  smoothed  curves  illustrating  the  percentages  of  decay  and  sapwood  in  Sitka 
spruce,  based  on  volume  in  cubic  feet 


DETBBIORATION    OF  WIND-THROWN   TIMBER 


15 


foa 

K^_. 

. 

•^ 

k 

_t 

— O  S'/fPirOOO 

\ 

s 

_ 

l> 

1        \ 

S 

s 

• 

\ 

V 

\ 

o\ 

A 

V 

\ 

\ 

\ 

•  > 

^ 

.A 

\ 

u\ 

o 

\ 

\ 

< 

' 

^ 

V 

\ 

^ 

\ 

v 

s 

^ 

V 

^ov 

, 

o 

V 

/o 

O  /O  20  30  -^O  SO  60  70 

DMM£T£lg  BRE/IS'T  Hf&H- INCHES' 

Fig.  8.— Diagrammatic  smoothed  curves  illustrating  the 
percentages  of  decay  and  sapwood  in  silver  fir,  based  on 
volume  in  board  feet 


80 

— 

— 1 

^    70 

s» 

— 

-o  s/iP*roi 

?p 

s 

\, 

^ 

^. 

S 

s. 

^   ^^ 

• 

s 

vJ 

^c 

o 

• 

•^ 

\, 

N 

\ 

s 

\» 

s| 

\ 

s 

s 

^^- 

o\ 

\ 

• 

s 

>^ 

> 

v>* 

X 

c 

\ 

V 

^  20 

'^ 

b^ 

s 

■''^ 

o 

^  JO 

O  /O  20  30  AO  SO  6t  70 

PMM£T££  aejE/^S'T  M(7H~/NCHES' 

Fig.  9. — Diagrammatic  smoothed  curves  illustrating  the  per- 
centages of  decay  and  sapwood  in  silver  fir,  based  on  volume 
in  cubic  feet 


16      TECHNICAL   BULLETIN    104,    U.    S.   DEPT,    OF  AGRICULTURE 


M  »c i^ CO    i(M    1  est    I    1  r-i 


t-  >o  t^  t^  >c  ro  es 


o  «  ^ 

|g2 


•O  O  CO  o  -^t^ 

»d  r-5  -nji  «5  O  Tli 

•itHO  iO  CO  CO  CO 


I  00  to  CO  es  ■<*'  fH  CO 


»0  ®  »C  "5  Tt<  CO  ■ 


1  C^  «  M  l^  IM  t^  «i 


000«OW»0'*»0»0 


oq  «5c<eo  CO  CO 

r-l  TJ<  t^  M  (^  ■* 


S  JS»CiO»^CO«5«5c» 

05  e^'VoscooitDTti'o 


ooeomocso 

•"*!  t>.  ,-1  r-l  ■<*<  0> 
i-ICO  50  0>  50 


:<*<T»<ooocooot^o 


>  ®  §  g.Sf  o 


■*  00-*  00  OS 


t^00«O'*OV«O5OC0 


rHT-Hi-ie^CHCOCOCO 


»0«0CCO»0NC^rHC0t^C<C^C^ 


o>oooe^gicc<i50 


r»H»O«C»O-<*<O00i-l00OC0-<JCi* 
lOt^50»C>0»«S-<*'COCOCOCON 


1 00  00  00  >o  e^  00  Oi 


r^«tD?oio>oioTt< 


<DCOt><N0300-*OOC^OOi-IOO 

■*odo-«i'co'uoc>05co«oo50>«5 
ooooo50ot^ooootD>o-*u55<e<i 

50fHeoco»ce^«50coiMrHO 
OrHF-JrHr-ic^ieoi-Jc^f-^'Tiieoco 

IMO-^iOOiO-^-^OOOWt^ 
O  Oi  .-H  r-i  r-J  pi  CO  rH  ,-;  CO"  CO"  C^  (N 


Tj<  lO  OV  «0  05  O  t^  00 


-2® 

O 


«3CO00-*t^C^O500 

c5    *    'i-ie^cico 


o  ® 


!0  O  «0  •«*(  t^  Tt<  00 

o    '  .-<  ^  CO  es -«i 


co«oO'*cor-ieoO'*t^»ca) 


(N  O 'I**  CO  O  ■<*<  to  CO 

■»i<e4o5»ot>-<j5e4o6 


i>to«seO'*rHO>ot^»Ot-it^ 
OrHtd»o«c«o-»iio5t-;c<itdc5«d 


■* —I  CO  t^  t^  ■*  ■*  CO 

td>oo5tc5cdcop4od 


oo5>otoTt<aioo5ootoi^-<j<to 

oC5cocooit^c<itdeoo5tdt^'eo 
c5'^t^eot^'-ic<50>-itooo^'2 

i-HrH0<C0Ttl>O«OlCl00O 


i-H  t^OCOOlOt-tOtO 

Oiil  r-Jt--'cO'-Ji-Ht--^OC^ 

to)  C<»OOtDC^(O00l^ 

?5  .-HrH(NCOCO'^ 


>r3  ■*  O  CO  O  CO  ■^  CO  CO  00  t^  . 

i-ieotoojr-ioseorHco-ticouS 
.-rt-rwcr5"coeo''»«  to 


T-tooooor-iTiie^os 

tOCOW^O-^IMN 
04 -*  00  Ol  00  (N  00 


'*ooa>r-o>ooo<N«#ooostoe<i 

i  O  OCO  "5 

it^  00  00  00 


O'^-^OiOOStOOO 

»oc>tDodo5t-^tdco 
oo<McOT»<»otor-oo 


Noitooji-ncosoi-icc-^e^o 


to-^i-Hi-ttoocooo 


5       8 


s;2;2g3^gjs^^^SSS 


SSSi^^g^^^s: 


DETERIORATION    OF  WIND-THEOWN    TIMBER 


17 


LOSSES  IN  WESTERN  HEMLOCK 

Table  5  gives  the  losses  in  western  hemlock  from  the  six  plots  on 
which  this  species  was  found.  The  loss  of  11.5  per  cent  in  both 
board-foot  and  cubic-foot  volumes  by  breakage  when  the  trees  were 
blown  down  does  not  bear  any  apparent  relation  to  the  size  of  the 
trees  in  this  species.  The  amount  lost  in  the  stump  shows  an  increase 
with  the  increased  diameter  of  the  trees.  Decay  alone  had  already 
•caused  so  much  loss  that  the  western  hemlock  for  practical  purposes 
was  completely  unmerchantable  five  seasons  after  it  was  wind 
thrown.  The  loss  for  all  the  trees  amounted  to  78  per  cent 
of  the  board-foot  volume,  and  even  for  the  highest  diameter 
class  in   which  the  loss   was  lowest  it   had  reached  62   per  cent. 

There  was  still  a  marked  and 
fairly  regular  decrease  in  the  per- 
centage of  decay  as  the  diam- 
eter increased.  This  was  most 
noticeable  in  cubic-foot  volume. 
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Tig.  10. — Diagrammatic  smoothed  curves  illus- 
trating the  percentages  of  decay  and  sapwood 
in  western  hemlock,  based  on  volume  in  board 
feet 
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Fig.  11.— Diagrammatic  smoothed  curves  illus 
trating  the  percentages  of  decay  and  sapwood 
in  western  hemlock,  based  on  volume  in  cubic 
feet 


The  relation  between  decay  and  sapwood  is  brought  out  in  Figures 
10  and  11.  These  figures  show  clearly  the  heavy  loss  through  decay 
and  that  considerable  heartwood  had  been  destroyed,  particularly 
in  the  smaller  trees.  Sapwood  in  this  species  was  extremely  difficult 
to  measure,  and  in  many  trees  it  was  so  badly  decayed  and  discolored 
that  measurements  were  impossible.  In  fact,  it  was  thought  that 
these  figures  for  the  percentage  of  sapwood  might  be  too  much  of  an 
approximation  to  be  considered,  so  the  curve  for  sapwood  in  Figure  11 
was  compared  with  a  curve  based  on  the  sapwood  of  trees  of  the  same 
diameter  range  on  which  measurements  had  been  taken  immediately 
after  felling.     The  measurements  on  which  this  last  curve  was  based 
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had  been  made  many  years  ago  by  the  United  States  Forest  Service 
in  the  Puget  Sound  district  of  Washington.  It  was  found  that  the 
percentage  of  sapwood  as  shown  in  Figure  11  averaged  5.8  per  cent 
less,  an  allowable  difference,  since  in  a  tolerant  species  like  western 
hemlock  two  groups  of  trees  with  the  same  diameter  range  from  differ- 
ent localities  may  differ  considerably  in  age  or  degree  of  suppression, 
both  of  which  materially  affect  the  amount  of  sapwood. 

The  total  loss  in  this  species  amounted  to  91.9  per  cent  in  board 
feet.     All  chance  for  salvaging  western  hemlock  had  passed. 

COMPARATIVE  LOSSES 

The  losses  in  the  five  species  are  compared  in  Table  6.  This  shows 
that  there  had  been  the  smallest  total  loss  in  western  red  cedar  and 
the  greatest  in  western  hemlock,  with  Douglas  fir  approaching  the 
former  and  silver  fir  the  latter,  while  Sitka  spruce  occupied  an  inter- 
mediate position.  As  was  to  be  expected,  this  same  relation  holds 
for  loss  from  decay,  which  was  responsible  for  the  major  portion  of 
the  loss  in  each  species. 

The  greatest  losses  in  lost  in  stump  occurred  in  those  species  repre- 
sented by  the  largest  trees;  that  is,  Sitka  spruce,  western  red  cedar, 
and  Douglas  fir.  Although  Douglas  fir  had  the  largest  average  trees, 
western  red  cedar  and  Sitka  spruce  showed  the  greatest  losses  because 
of  their  excessively  buttressed  trunks.  This  loss  was  fixed  in  amount 
from  the  moment  the  trees  fell. 

Table  6. — Loss  in  the  five  wind-thrown  species,  in  1926,  five  years  after  windfall 


Aver- 
age 

diam- 
eter 

breast 

high 
( inches) 

Aver- 
age 
height 
(feet) 

Percentage  of  loss  in  board 
feet- 

Percentage  of  loss  in  cubic 
feet- 

Num- 
ber 
of 
trees 
(ba- 
sis) 

Species 

Bro- 
ken in 
falling 

Lost 

in 

stump 

De- 

cay 

To- 
tal 

Bro- 
ken in 
falling 

Lost 

in 

stump 

De- 
cay 

To- 
tal 

Western  red  cedar. 

Douglas  fir-  _ 

38.4 
46.6 
40.6 
29.3 
22.7 

123.2 
208.2 
177.4 
138.5 
146.4 

10.7 
12.6 
5.7 
8.4 
11.5 

4.3 
3.6 
4.7 
2.5 
2.4 

11.6 
18.3 
35.9 
62.6 
78.0 

26.6 
34.5 
46.3 
73.5 
91.9 

9.1 
13.6 
5.9 
8.3 
11.5 

4.4 
3.7 
4.6 
2.6 
2.1 

8.5 
16.9 
31.2 
44.9 

54.8 

22.0 
34.2 
41.7 
55.8 
68.4 

49 
112 

Sitka  spruce 

135 

Silver  fir. 

100 

Western  hemlock 

173 

The  other  fixed  loss  from  the  time  of  falling,  breakage  in  falling, 
may  be  influenced  by  chance,  by  the  size  of  the  trees,  or  by  the 
inherent  tensile  strength  of  the  wood  of  the  different  species.  Size 
alone  does  not  control  this  loss,  because  the  heaviest  breakage  was 
in  Douglas  fir  and  western  hemlock,  respectively,  the  species  having 
the  largest  and  smallest  average  trees.  The  large  amount  of  this  loss 
in  western  red  cedar  and  silver  fir  indicates  that  these  species,  also 
rather  low  in  average  volume,  have  wood  of  low  strength.  The 
strength  of  Sitka  spruce,  combined  with  its  light  weight,  which  makes 
the  wood  so  suitable  for  airplane  construction,  is  shown  by  the  fact 
that  while  in  size  it  was  next  to  Douglas  fir,  it  had  the  smallest  per- 
centage of  loss  due  to  breakage  in  falling. 
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Table  7. — Percentage  of  decay  and  sapwood  in  all  species,  on  basis  of  board  feet 
[From  curves  in  figs.  2,  3,  4,  6,  8.  lOJ 


Diameter  breast 

Western  red 
cedar 

Douglas  fir 

Sitka 

spruce 

Silver  fir 

Western 
hemlock 

high  (inches) 

Sap- 
wood 

Decay 

Sap- 
wood 

Decay 

Sap- 
wood 

Decay 

Sap- 
wood 

Decay 

Sap- 
wood 

Decay 

10- i 

! 

71.8 
63.7 
55.6 
47.9 
41.2 
36.8 
33.0 
29.8 
26.8 
24.0 
21.4 
19.1 

92.3 
89.9 
87.0 
84.3 
81.1 
77.3 
72.3 
66.4 
59.5 
50.0 
38.9 
29.9 
23.8 

79.0 
74.0 
68.9 
63.9 
58.9 
54.5 
50.5 
46.8 

86.8 

14 

27.2 
25.6 
23.9 
22.1 
20.4 
18.8 
17.0 
15.3 
13.7 
12.0 
10.1 
8.5 
6.9 
5.1 
3.3 

27.9 
26.1 
24.4 
22.7 
20.8 
19.0 
17.1 
15.4 
13.7 
12.0 
10.3 
8.8 
7.1 
5.5 
3.9 

87.0 
81.0 
74.3 
67.0 
62.1 
56.8 
51.5 
47.1 
43.2 
40.1 
37.5 
34.8 
32.4 
30.1 
28.2 
26.2 
24.7 
23.1 
21.9 
20.5 
19.3 
18.0 
17.0 
16.0 
15.0 
14.  1 

85.2 

18 -.. 

::::::::i:::::::: 

51.0 
45.0 
39.3 
34.9 
31.2 
28.7 
26.2 
24.1 
22.6 
21.3 
20.2 
19.3 
18.5 
17.7 
17.0 
16.2 
15.5 
14.7 
14.0 
13.3 
12.5 
11.9 
11.1 
10.3 
.8 

83.7 

22 

34.9 
32.0 
29.6 
26.9 
24.7 
23.0 
21.4 
20.6 
19.9 
19.2 
18.8 
18.4 
18.1 
17.8 
17.5 

.33.7 
31.0 
28.3 
26.0 
23.8 
21.6 
19.8 
18.3 
17.1 
16.2 
15.4 
14.8 
14.1 
13.8 
13.2 

82.0 

26 

79  8 

30- - 

77.0 

34 

73.7 

38 

69.9 

42 

65.6 

46 

61.5 

50- 

54 

1 

58- 

62 

66 

70- 

74 

78- 

82 

86 

90 

94 

98- - 

102-.. 

106 

110 

114 

Table  8. — Percentage  of  decay  and  sapwood  in  all  species,  on  basis  of  cubic  fee^ 

[From  curves  in  figs.  1,  5,  7,  9,  11] 


Diameter  breast 

Western  red 
cedar 

Douglas  fir 

Sitka  spruce 

SiixTAr  flr       i        Western 
Silver  fir              hemlock 

high  (inches) 

Sap- 
wood 

Decay 

Sap- 
wood 

Decay 

Sap- 
wood 

Decay 

Sap- 
wood 

Deca^wS 

Decay 

10 

54.0 
48.9 
43.2 
38.1 
33.5 
30.4 
27.9 
25.7 
23.7 
21.9 
20.2 
18.8 

73.0         65.4 
68.9  '      61.3 
64.  9  !       57. 1 
60.8         .53.0 
56.7         48.8 
52.5         44.6 
48.5  1      40.4 
44  4  1       .^6.2 

73.0 

14 

20.6 
18.9 
17.2 
15.7 
14.4 
13.3 
12.3 
11.2 
10.0 
9.0 
8.0 
7.1 
6.2 
5.3 
4.9 

18.3 

47.3 
42.1 
36.9 
31.9 
27.8 
25.3 
23.9 

68.6 
6.3.0 
57.8 
52.8 
48.0 
44.1 
40  7 

68  0 

18.                   .       -     . 

16.7 

15.3 

14.1 

13.0 

11.9 

10.8 

9.8 

8.7 

8.0 

7.2 

6.4 

5.8 

5.3 

5.0 

63.9 

22 

30.1 
26.9 
24.2 
22.3 
20.9 
20.0 
19.3 
18.7 
18.1 
17.9 
17.7 
17.4 
17.1 
16.9 
16.6 

28.9 
25.4 
22.7 
20.1 
18.6 
17.7 
17.1 
16.9 
16.6 
16.3 
16.0 
15.8 
15.4 
15.0 
.    14.7 

59  5 

26-.   - 

55.3 

30 

51  6 

34... 

48.6 

38- 

46.0 

42 

22.4  1      37.8 
21.4  1      35.0 
20.6         33.0 
20.0         MA) 

40.3 
36.2 
32.1 
28.0 

43  9 

46. 

42.0 

50 

54 

58 

19.6 
19.0 

29.5 

62. 

28.2 

! 

66 

18.4         27.0 
17.8         25.7 
17.2         24.6 
16.8  '      23.5 
16. 1         22.  6 

70 .- 

74 

78 

82 



86 

15.6 
15.0 

21.5 

90 

2(1  fi 

94 -.. 

14.4         19.6 
13.9         18.6 
13.4  1       17.7 
12.8         16.8 
12.3  !      15.8 
11.7         14.8 

98 

102..-- 

106..     .              

110 

114 
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The  loss  through  decay  was  lowest  in  western  red  cedar  and  highest 
in  western  hemlock.  But  since  it  has  been  shown  that  the  percentage 
of  decayed  wood  is  strongly  influenced  by  the  size  of  the  affected 
trees,  to  get  a  true  measure  of  the  relative  durability  of  these  species 
it  is  necessary  to  compare  trees  of  approximately  equal  size.  Conse- 
quently the  percentages  of  decay  and  sapwood  in  board  and  cubic 
feet  have  been  read  from  the  curves  in  Figures  1  to  11  and  are  given 
for  all  the  species  by  4-inch  diameter  classes  in  Tables  7  and  8,  ena- 
bling a  direct  comparison  to  be  made  between  the  species  at  various 
diameters.  It  will  be  seen  from  these  tables  that  all  of  the  five 
species  are  represented  in  the  diameter  classes  of  from  22  to  46 
inches.  An  average  of  the  percentages  of  decay  shown  in  Tables  7 
and  8  within  this  diameter  range  is  given  in  Table  9.  This  shows 
that  western  hemlock  and  silver  fir,  closely  followed  by  Sitka  spruce, 
were  decidedly  susceptible  to  decay,  whereas  Douglas  fir  and  western 
red  cedar  were  very  resistant  and  would  probably  remain  sound  for 
many  years. 

Table  9. — Average  percentage  of  decay  in  all  species 
[Diameter  range  from  22  to  46  inches] 


Total  volume 

Unit  of  measurement 

Western 
red  cedar 

Douglas 
fir 

Sitka 
spruce 

Silver 
fir 

Western 
hemlock 

Board  feet 

19.0 
11.9 

26.3 
21.5 

57.4 
45.2 

70.1 
48.5 

72.8 

Cubic  feet 

49.6 

LOSSES  BY  AREAS 

To  obtain  an  idea  of  the  stand  in  this  region  and  the  losses  resulting 
from  the  windfall,  on  4  of  the  12  plots  studied  all  trees  whether  wind 
thrown  or  standing  were  measured,  and  the  area  of  each  plot  was 
determined.  The  diameter  at  breast  height  of  each  standing  tree  was 
measured  with  a  tape,  its  height  taken  with  a  hypsometer,  and  the 
board-foot  and  cubic-foot  volumes  calculated  from  taper  curves.  On 
2  of  the  plots  wind  throw  was  complete,  so  there  were  no  standing 
trees  to  estimate.  The  data  on  these  plots,  which  are  presented  in 
Tables  10,  11,  12,  and  13,  need  little  comment  other  than  pointing 
out  the  great  loss  from  decay  in  second-growth  hemlock  as  shown  in 
Tables  10  and  12.  On  plot  8  (Table  11)  it  is  seen  that  some  of  the 
standing  trees  had  died  since  the  windstorm.  None  of  these  dead 
trees  was  cut,  so  no  figures  were  obtained  on  the  loss  through  decay 
or  other  deterioration.  This  subsequent  death  of  standing  trees  has 
been  common  throughout  the  storm  zone,  and  all  five  species  have 
suffered.  An  examination  of  some  of. the  trees  showed  no  evidence  of 
insect  or  fungous  attack  that  could  have  caused  death,  but  the  fact 
that  the  wind  throw  suddenly  exposed  these  trees  and  that  a  very 
material  change  in  site  conditions  must  have  resulted  is  sufficient  to 
account  for  their  death.  Practically  all  the  trees  left  standing  had 
their  tops  broken  out  by  the  wind  or  by  other  trees  falling  against 
them,  but  in  most  cases  the  break  occurred  above  or  close  to  the 
merchantable  diameter  limit  of  8  inches  inside  bark. 
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Table  10. — Loss  of  timber,  by  species,  on  plot  1,  in  1926 
[Area,  0.84  acre;  completely  wind  thrown] 


Is 

I 

< 

ir^i. 

Percentage  of  volume  per  acre- 

1.4 

1  .2.H 
spiles          2 

per  acre 

Broken  in 
faUing 

Lost  in 
stump 

Decayed 

Total  loss 

>  2 

§1 

11 

1^ 

•2« 

'» 

ll 

1^ 

3£ 

O 

Board 
feet 

Cubic 
feet 

a 

3 

:5 

Western     hem- 
lock  

Douglas  fir 

Sitka  spruce 

22.1 
39.5 
37.1 

132.2 
176.  4. 
169.1 

42,140 
20,180 
11, 250 

8,051 
3,410 

1,898 

9.7 
9.8 
7.6 

9.8 
10.3 
6.0 

0.1 

0 

0 

0.1 

0 

0 

79.9 
18.9 
65.8 

64.6 
14.5 
40.4 

89.7 
28.7 
63.4 

64.5 
24.8 
46.4 

52.2 
7.1 
3.6 

Average  or 
total 

24.9 

134.3 

73, 570 

13, 359 

9.4 

9.4 

.1 

.1 

59.5 

42.3 

68.9 

51.8 

62.9 

Table  11. — Loss  of  timber,  by  species,  on  plot  8,  in  1926 
[Area,  1.7  acres;  partially  wind  thrown] 


5S 

if 

®  § 

>  z 

1 

I 
1 

1 
1 

Percentage  of  volume  per  acre- 

t 

Condition  and 
species 

per  acre 

Broken  in 
faUing 

Lost  in 
stump 

Decayed 

Total  loss 

S^ 

il 

i» 

1^ 

11 

U 

|l 

•2« 

¥ 

iJ 

P 

•9« 

P 

1 

Down  timber: 
Western 
hemlock... 
Douglas  fir.. 

23.1 
66.1 

136.8 
213.5 

20,310 
87,020 

3,651 
13,130 

14.8 
12.9 

16.3 
13.8 

3.2 
3.5 

2.7 
3.5 

75.9 
17.9 

68.7 
17.1 

93.9 
34.4 

76.7 
34.4 

19.1 

n.6 

Average  or 
total 

Standing  live 
timber: 
Western 
hemlock  ... 

35.6 

22.7 
57.4 

166.7 

140.3 
197.8 

107,330 

1,380 
18,660 

16,  781 

276 
2,909 

13.3 

14.1 

3.5 

3.3 

28.9 

26.2 

45.6 

43.6 

30.6 

1  7 

Douglas  fir.  _ 

2.9 

Average  or 
total 

44.4 

176.2 

20,040 

1 
3,186  1 

. 

4.6 

Standing  dead 
timber: 
Western 
hemlock... 

37.2 

68.8 

110.6 
117.6 

2,490 
4,120 

388 
639 

1.2 

Douglas  fir.  _ 

0.6 

Average  or 
total 

47.7 

112.8 

6,610 

1,027 

L7 

Average  or 
total  for 
all  groups 

37.2 

164.6   133,980 

20,993 

10.6 

1 
1L3  !    2.8 

2.7 

23.1 

20.9 

36.6 

34.9 

37.0 
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Table  12. — Loss  of  timber,  by  species,  on  plot  10,  in  1926 
[Area,  0.76  acre;  completely  wind  thrown] 


«.SP 

bCXJ 

I 

i 
1 

> 
< 

Volume 
per  acre 

Percentage  of  volume  per  acre- 

1 

Species 

Broken  in 
falling 

Lost  in 
stump 

Decayed 

Total  loss 

Cubic 
feet 

o| 

11 

■a 

II 

PQ 

II 

§1 

Cubic 
feet 

Board 
feet 

o 

a 

3 

Western  hemlock 

Douglas  fir 

Sitka  spruce 

21.1 
35.3 

18.8 

153.8 
190.5 

128.8 

80,  820 

8,380 

490 

15, 018 

1,280 

116 

12.3 
4.  1 
0 

11.2 
4.8 
0 

2.2 

4.4 

8.1 

1.8 
3.5 
8.3 

81.3 
26.8 
40.5 

56.3 
21.0 
32.3 

95.9 
35.3 

48.6 

69.3 
29.3 
40.7 

92.1 
2.6 
1.3 

Average  or 
total 

21.4 

154.5 

89,  690 

16,414 

11.  5      10.  6 

2.5 

2.  0  !  76.  0 

1 

53.3 

90.0 

66.  0       96.  0 

Table  13. 


-Loss  of  timber,  by  species,  on  plot  11,  in  1926 
[Area,  1.11  acres;  partially  wind  thrown] 


1? 

08  .H 

si 

>  £ 

I 

i 

< 

Percentage  of  volume  per  acre- 

I 

Condition  and 
species 

per  acre 

Broken  in 
falling 

Lost  in 
stump 

Decayed 

Total  loss 

0;« 

l« 

i» 

11 

n 
11 

.2^ 
O 

il 

11 

Board 
feet 

Cubic 
feet 

a 

3 

Down  timber: 

Western 

hemlock... 

Douglas  fir.. 

Sitka  spruce. 

29.4 
42.1 
33.1 

169.3 
196.5 
200.1 

33,  660 

113,580 

1,970 

5,836 

18, 458 

342 

9.0 
4.5 
0 

10.1 
6.5 
0 

4.0 
3.4 
9.1 

3.5 
3.5 
8.9 

74.8 
23.2 
19.6 

48.8 
18.2 
16.4 

87.7 
31.1 

28.8 

62.4 
27.2 
25.4 

17.1 

3L5 

.9 

Average  or 
total 

37.6 

187.0 

149,  210 

24,637 

5.5 

6.5 

3.6 

3.6 

34.8 

25.4 

43.9  1  35.5 

49.6 

Standing  live 
timber: 
Douglas  fir.. 

42.2 
26.6 

205.5 
125.0 

36,  250 
1,780 

5,966 
330 

9.9 

Western 
hemlock... 

i 

1.8 

Average  or 
total 

39.8 

193.  2     38. 030 

6,296 

1 

11.7 

; 

Average 
or  total 
for  both 
groups... 

38.0 

185.4 

187,  250 

30, 933 

4.4 

5.2 

2.9 

2.9 

27.7 

20.2 

1 
35.  0     28.  3 

61.3 

In  addition  to  the  direct  losses  from  decay,  breakage  in  falling, 
and  lost  in  stump,  there  are  other  losses  that  are  more  difficult  to 
determine.  It  might  seem  that  since  the  trees  are  already  on  the 
ground  the  cost  of  felling  would  be  eliminated.  One  large  logging 
company  found  that  it  actually  cost  14  to  17  per  cent  more  to  log 
the  down  timber  than  the  standing  timber,  and  this  increased  cost 
was  mostly  chargeable  to  the  greater  difficulty  of  bucking.  Many 
of  the  trees  were  rnerety  held  down  by  others  lying  on  them  and 
when  released  sprang  back  into  a  semiupright  position.  These 
badly  leaning  trunks  then  had  to  be  felled,  just  like  normal  trees,  and 
felling  a  leaning  tree  is  difficult  and  expensive.  The  second  factor 
adding  to  the  cost  was  the  awkward  position  from  which  many  of 
the  trees  had  to  be  bucked.  Another  cause  of  increased  logging  costs, 
harder  to  evaluate,  is  the  smaller  amount  of  merchantable  volume 
obtained  from  a  unit  of  area  after  the  timber  is  partially  or  com- 
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pletely  wind  thrown,  particularly  if  it  has  had  several  years  to 
deteriorate.  Finally,  there  must  be  some  loss  in  the  process  of 
manufacture  due  to  breaks  not  previously  visible. 

RATE    OF   DETERIORATION 

Although  the  detailed  study  made  in  1926  gives  a  good  picture  of 
the  loss  in  the  w^ind-thrown  timber  at  that  time,  it  is  also  of  value  to 
know  the  rate  at  which  the  timber  deteriorated  in  the  earlier  years. 
As  it  was  impossible  to  make  yearly  measurements  on  the  scale  of 
those  of  1926,  exact  figures  on  the  rate  of  deterioration  in  the  earlier 
years  can  not  be  given.  However,  in  1923  it  was  found  possible  to 
examiue  a  number  of  Douglas  firs,  Sitka  spruces,  and  western  hem- 
locks more  carefully  than  in.  the  other  years  and  to  obtain  an  approxi- 
mation of  the  loss  at  that  time.  This  examination  showed  that  the 
sapwood  of  15  per  cent  of  the  Douglas  firs,  of  60  per  cent  of  the  Sitka 
spruces,  and  of  90  per  cent  of  the  western  hemlocks  was  blue  stained 
and  infested  with  ambrosia  beetles  and  was  therefore  unmerchantable. 
Applying  these  percentages  to  the  average  percentages  of  sapwood 
in  the  trees  of  these  species  measured  in  1926  gives  the  theoretical 
amount  of  deterioration  in  these  same  trees  in  1923.  As  it  is  certain 
that  deterioration  had  not  begun  in  January,  1921,  when  the  trees 
were  blown  down,  the  use  of  the  theoretical  figures  for  deterioration 
by  1923,  and  the  actual  figures  in  1926,  made  it  possible  to  plot 
curves  of  the  percentages  of  deterioration  in  board  feet  and  cubic 
feet  for  the  years  of  exposure  of  the  windfalls  for  the  three  species. 
The  years  were  divided  into  months,  so  that  the  percentages  of 
deterioration  could  be  plotted  for  each  of  the  two  years  to  correspond 
with  the  time  the  data  were  obtained.  Since  the  1926  measurements 
extended  over  the  period  from  the  latter  part  of  June  to  the  early 
part  of  September,  August  1  was  taken  as  the  average  date  for  which  to 
plot  the  deterioration.  From  these  curves,  which  are  not  presented. 
Table  14,  showing  the  percentages  of  loss  through  deterioration  in 
board  and  cubic  feet  for  each  year  on  September  1,  was  constructed. 
To  this  loss  through  deterioration,  which  increases  yearly,  must  be 
added  the  fixed  loss  by  breakage  in  falling  and  loss  in  stump  to  de- 
termine the  total  loss  in  any  one  year.  It  must  be  emphasized  that 
Table  14  is  based  on  very  meager  data  and  an  approximate  figure 
for  the  amoimt  of  deterioration  for  one  of  the  three  points  on  which 
each  curve  was  based.  The  figures  should  be  taken  as  broad 
approximations. 

Table  14. — Rate  of  deterioration  in  Douglas  fir,  Sitka  spruce,  and  western  hemlock 

[From  unpublished  curves] 


Deterioration  (percentage  of  total  volume) 

Year 

Douglas  fir 

Sitka  spruce 

Western  hemlock 

Board 

feet 

Cubic 
feet 

Board 
feet 

Cubic 
feet 

1 

Board    '    Cubic 

feet      1      feet 

1 

1921 

1.0 
1.8 
3.1 
7.0 
13.0 
18.8 

0.7 
1.5 
2.8 
6.5 
11.5 
17.5 

3.0 
7.5 
12.5 
20.2 
28.5 
36.5 

3.6 
7.3 
11.5 
17.5 
24.4 
32.0 

13.0  i            12.8 

1922 

32.  0              30.  5 

1923— 

51.3  '            42.8 

1924 

64.  5               49.  5 

1925 

74.0  i            53.3 

1926 

78.  2  j            55. 0 

1 
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From  Table  14  it  can  be  seen  that  western  hemlock  deteriorated 
much  more  rapidly  than  Sitka  spruce  in  the  first  three  years.  This 
is  explainable  by  the  fact  that  western  hemlock  not  only  had  a  greater 
percentage  of  sapwood  than  Sitka  spruce  of  the  same  size  but  also 
averaged  much  smaller,  and  that  the  relative  amount  of  sapwood 
increases  with  the  decrease  in  size  of  the  trees;  that  is,  the  younger 
trees  have  higher  percentages  of  sapwood.  This  sapwood,  particu- 
larly in  western  hemlock,  is  very  susceptible  to  ambrosia  beetles  and 
blue  stain,  which  were  responsible  for  the  deterioration  in  the  early 
years.  The  first  marked  evidences  of  decay  were  not  apparent  until 
1923,  and  even  at  that  time  this  defect  was  superficial.  In  1924 
decay  was  working  strongly,  and  in  1926  the  sapwood  of  all  the  species 
had  been  almost  completely  attacked,  the  decay  more  or  less  oblit- 
eratiug  the  evidences  of  blue  stain  and  injury  caused  by  ambrosia 
beetles.  Douglas  fir,  with  somewhat  less  sapwood  than  Sitka  spruce, 
deteriorated  much  more  slowly,  since  it  did  not  prove  to  be  so  sus- 
ceptible to  stain  and  beetle  attack. 

The  curves  from  which  Table  14  was  prepared  were  based  on  data 
so  insufficient  that  it  did  not  seem  advisable  to  extend  them  in  order 
to  predict  the  future  rate  of  deterioration.  Western  hemlock  was 
completely  unmerchantable  in  1926.  In  Douglas  fir  the  rate  of  de- 
terioration will  probably  decrease,  since  the  wood-destroying  fungi 
must  now  decay  the  more  resistant  heartwood.  In  the  case  of  Sitka 
spruce  the  fungi  had  already  caused  considerable  decay  in  the  heart- 
wood  and  there  had  been  no  apparent  decrease  in  the  rate  of  decay, 
so  it  was  a  conservative  estimate  that  in  three  or  four  more  years 
the  Sitka  spruce  would  be  completely  unmerchantable,  except  very 
large  individual  trees.  While  silver  fir  and  western  red  cedar  were 
not  included  in  the  yearly  observations,  it  can  be  stated,  from  the 
measurements  made  in  1926,  that  the  rate  of  deterioration  of  the 
former  will  be  very  similar  to  that  of  western  hemlock.  Western 
red  cedar,  on  the  other  hand,  will  deteriorate  more  slowly  than 
Douglas  fir. 

FUNGI   CAUSING   DECAY 

This  enormous  mass  of  down  trees  has  formed  a  substratum  for 
wood-destroying  fungi,  the  like  of  which  has  never  been  known  before. 
The  principal  deterrent  to  decay  has  been  the  heavy  rainfall  in  this 
region,  with  the  consequent  high  moisture  content  of  the  wood  in  the 
down  trees.  It  was  noticeable  for  the  first  few  years,  even  at  the  end 
of  the  dry  summers,  that  when  the  upper  side  of  the  trees  was  chopped 
into,  water  would  frequently  ooze  out  around  the  ax.  It  was  not 
until  the  wood  began  to  dry  out  a  little  that  wood-destroying  fungi 
were  able  to  cause  appreciable  decay.  Trees  lying  directly  on  the 
ground  were  sounder  than  those  resting  well  above  it,  since  the  wood 
of  the  latter  was  drier.  This  fact  is  well  known  to  the  woodsmen 
cutting  wind-thrown  Sitka  spruce  into  pulp  bolts.  Fungi  attacking 
wood  require  a  certain  balance  between  air  and  moisture;  an  over- 
supply  of  either  will  inhibit  their  growth.  Usually  decay  began  on 
the  top  or  upper  portion  of  the  sides  of  the  prostrate  trunks  and  then 
worked  toward  the  under  side,  the  wood  there  being  slowest  in  drying 
out. 

From  Table  15  it  can  be  seen  that  a  number  of  different  wood- 
destroying  fungi  were  found  attacking  the  trees  studied,  and  an 
extensive  survey  of  the  entire  windfall  area  would  probably  have 
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added  more  to  this  list.  For  example,  Poria  suhacida  Pers.  was 
recorded  on  down  Sitka  spruce  in  this  region  prior  to  the  windfall, 
and  Fomes  spongiosus  (Pers.)  Bres.  was  found  on  Douglas  fir  at  the 
same  time,  but  neither  species  was  observed  during  this  study.  The 
trees  of  each  species  were  first  arranged  by  4-inch  diameter  classes, 
but  there  was  no  apparent  relation  shown  by  this  arrangement 
between  size  of  the  trees  and  species  of  fungi  fruiting  on  them.  It 
was  not  possible  to  make  a  count  of  the  number  of  sporophores  of 
each  species  without  reducing  the  amount  of  other  essential  data 
obtained. 

Table  15. — Distribution  of  sporophores^  by  tree  species 


Fungus 

Percentage  of  trees  of  indicated  species  on  which  sporophores 
were  found 

Western    Douglas 
red  cedar        fir 

Sitka 
spruce 

SUver 
fir 

Western 
hemlock 

All 
species 

Fomes  pinicola 

17.0 
25.9 

1.8 

.9 

20.5 

3.6 

60.0 
11.9 

84.4 
24.4 

70.0 
49.0 
16.0 

50.9 
24.9 
2.3 

45.3 

Fomes  applanatus 

4.1 

24.4 

Fomes  annosus        .        -      -            ..    .. 

6.0 

Fomes  roseus 

.4 

Polystictus  abietinus 

4a  0 
16.0 

56.1 
31.2 

49.6 

Polystictus  versicolor 

8.2 
22.4 

19.5 

1.9 

Polyporus  fibrillosus 

8.9 

9.0 
29.0- 

ao 

56.6 

3.7 

Ganoderma  oregonense 

1 

6.6 

Lenzites  sepiaria            _      .       

12.5 

33.3 
1.5 

28.6 

Trametes  pini 

.4 

" i 

.6 

.2 

Stereum  chailletii 

1.0 
1.0 

.2 

Rt.p.rftnm  ■niirTHirfiTTm 

1 

.2 

.9 

.2 

Irpex  sp 



i."o' 

.2 

Unknown 

1.8 

1.2 

.7 

Percentage  of  trees  on  which  no 
sporophores  were  found  

73.5 

44.6 

4.4 

i 

1.0              5.2 

17.9 

Sporophores  of  Polysticus  abietinus  occurred  on  the  largest  number 
of  trees;  those  of  Fomes  pinicola  were  next  most  frequent  in  occurrence. 
Sitka  spruce  seems  to  be  a  particularly  congenial  host  for  the  first- 
named  species  and  silver  fir  for  the  last  named.  On  the  whole 
there  is  little  evidence  of  host  selection  by  the  various  fungi,  except 
that  sporophores  of  P.  cuneatus  Murr.  were  confined  to  western  red 
cedar,  while  all  the  other  species,  except  F.  applanatus  and  P.  versi- 
color on  a  few  trees,  avoided  this  host.  Ganoderma  oregonense  Murr. 
was  found  only  on  silver  fir  and  western  hemlock.  Lenzites  sepiaria 
was  most  abundant  on  western  hemlock  and  occurred  sparingly  on 
silver  fir.  Polyporus  fibrillosus  Karst.  was  not  recorded  on  Douglas 
fir  but  was  seen  on  it  outside  the  plots  studied.  The  other  species, 
confined  to  one  or  two  hosts,  occurred  on  such  a  small  percentage  of 
trees  that  no  significance  can  be  attached  to  their  distribution. 

The  fungi  most  abundant  on  these  windfalls  are  of  slight  importance 
in  causing  decay  of  living  conifers.  Fomes  pinicola  occasionally 
infects  badly  wounded  Sitka  spruce,  but  the  decay  is  usually  confined 
to  the  wood  immediately  adjacent  to  the  scar.  It  has  been  found 
attacking  lowland  white  fir  (Abies  grandis  Lindl.)  in  the  same  way, 
so  it  may  probably  attack  silver  fir.  F.  roseus  frequently  causes  top 
rot  in  Douglas  fir,  but  the  resulting  loss  in  merchantable  volume  is 
small.  Trametes  pini  causes  the  most  important  decay  of  living 
Douglas  fir  and  Sitka  spruce,  but  on  these  windfalls  it  was  found  on 
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only  two  trees.  F.  annosus  (Fr.)  Cke.,  so  severe  in  coniferous  standsi 
in  Europe,  is  rarely  found  in  this  region  except  on  old  stumps  or  down 
logs.  F.  applanatus,  a  not-uncommon  heartwood-destroying  fungus 
on  deciduous  trees,  has  not  been  observed  by  the  writer  on  living 
conifers  in  the  Pacific  Northwest.  Unless  the  common  fungi  on  these 
windfalls  change  their  habits,  they  will  rarely  cause  decay  in  the 
living  trees  of  the  remaining  stand. 

While  a  record  of  sporophores  gives  an  idea  of  the  relative  abundance 
of  the  various  fungi,  the  true  measure  of  their  importance  is  the  amount 
of  decay  they  caused.  Although  it  would  have  been  possible  to  obtain 
some  knowledge  of  this  by  general  observations,  a  closer  estimate 
seemed  desirable.  Accordingly,  measurements  were  so  taken  that 
the  volume  of  decay  caused  by  the  various  fungi  could  be  computed 
as  far  as  possible.  (Table  16.)  The  resulting  data,  however,  can  not 
be  considered  more  than  approximations,  but  better,  of  course,  than 
observations  alone.  In  most  logs  several  fungi  were  working,  and  it 
was  impossible  to  evaluate  the  volume  of  decay  caused  by  each. 
This  accounts  for  the  large  percentage  of  decay  listed  as  ''mixed"  in 
Table  16,  and  for  the  fact  that  despite  sporophores  of  a  certain  fungus 
occurring  on  a  tree  species  as  is  shown  in  Table  15,  no  loss  from 
decay  charged  to  the  fungus  may  appear  in  Table  16.  For  example. 
Table  15  shows  that  16  per  cent  of  the  silver  firs  had  sporophores  of 
Polystictus  versicolor;  yet  there  is  no  volume  loss  through  decay  shown 
for  this  fungus  in  Table  16,  since  the  decayed  wood  could  not  be 
separated  for  purposes  of  measurement  from  decay  caused  by  other 
fungi,  so  that  it  is  included  as  ''mixed."  Then,  too,  it  was  difficult 
to  identify  many  of  the  rots  when  there  were  no  sporophores  present, 
particularly  when  the  decayed  wood  was  in  the  incipient  stage,  which 
was  very  common  with  Douglas  fir  and  western  red  cedar.  For 
example,  the  decays  caused  by  Fomes  pinicola  and  Polyporus  fibril- 
losus  were  very  difficult  to  separate.  Both  fungi  cause  a  brown 
carbonaceous  decay,  destroying  the  sapwood  as  well  as  the  heartwood. 
Also  the  rots  of  Ganoderma  oregonense  and  F.  applanatus  are  very 
similar  in  their  early  stages.  This  difficulty  in  identifying  decays 
without  sporophores  explains  the  large  amount  of  decay  listed  as 
"unknown,"  particularly  in  Douglas  fir  and  western  red  cedar. 

The  data  in  Table  16  were  first  arranged  by  4-inch  diameter  classes 
for  each  tree  species  to  see  if  there  was  any  relation  between  the  sizes  of 
the  trees  and  species  of  wood-destroying  fungi  attacking  them,  but 
none  was  indicated.  Fomes  applanatus,  closely  followed  by  F. 
pinicola,  caused  the  most  serious  losses  in  Douglas  fii  and  silver  fir, 
while  in  western  hemlock  this  order  was  reversed.  In  Sitka  Spruce 
F.  pinicola  was  by  far  the  most  important.  These  fungi  caused 
deep  decay,  reaching  into  the  heartwood  as  well  as  the  sapwood. 
The  other  fungi  were  insignificant,  and  it  is  noteworthy  that  Poly- 
stictus abietinus,  the  sporophores  of  which  occurred  on  the  largest 
number  of  trees,  was  responsible  for  but  little  loss.  This  wood 
destroyer  is  usually  confined  to  the  outer  one-half  inch  of  sapwood. 
Lenzites  sepiaria,  which  occurred  on  more  trees  than  F.  applanatus, 
caused  but  little  decay.  Practically  all  the  decay  in  western  red 
cedar  was  caused  by  P.  cuneatus,  with  a  little  resulting  from  the  work 
of  P.  versicolor  and  a  trace  from  F.  applanatus,  which  corresponds 
with  the  representation  of  sporophores  on  this  host. 
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Table  16. — Decay  caused  by  the  different  species  of  fungi  in  trees  of  species  shown 


Percentage  o 

f  total 

decay 

Cause  of  decay 

Western 
red  cedar 

Douglas 
fir 

Sitka 
spruce 

Silver  fir 

Western 
hemlock 

All  species 

11 

P 

o 

si 

Board 
feet 

Cubic 
feet 

5^ 

Board 
feet 

Cubic 
feet 

is 

3^ 

Unknown. 

83.5 

82.0     52.3 

52.9 

24.7 

7.0 

8.2 

4.0 

.1 

1.6 

.5 

10.3 
50.3 
29.8 
3.2 
.2 

11.6 
48.9 
28.4 

2.9 
56.2 
16.8 
18.2 

2.2 

5.5 
52.4 
15.6 
17.8 

3.5 

9.4  i  10.3 

65. 1  j  65.  0 

10.  7       9.  7 

9.  9  1     8.  5 

1. 1  i     1.2 

i 

18.7 

49.0 

17.5 

8.5 

1.7 

20.4 

Mixed... 

25.1 
6.2 
8.6 
4.7 

47.2 

Fomes  pinicola 

16.9 

Fomes  applanatus. 

Fomes  annosus 

.6 

.7 

8.1 
1.8 

Fomes  roseus 

Polystictus  abietinus 

i.3 
.7 

4.8 

4.8 

3.0 

4.6 

1.4 
.2 

2.4 
.3 

2.8 
.2 
.3 

3.5 

Polystictus  versicolor 

2.8 
13.0 

2.8 
14.4 

.2 

Polystictus  cuneatus  .. 

.3 

Polyporus  fibrillosus 

1.1 



1.3 

.4 
.3 

.5 

Ganoderma  oregonense..  . 

.7 

.6 

•1 

.7 
1.4 

.5 

.2 

1 

1.1 

1.0 

'".T        -'5 

2.0         -  7 

.9 

1 

SUMMARY 

On  January  29,  1921,  a  violent  windstorm  swept  the  west  coast  of 
the  Olympic  Peninsula,  in  the  State  of  Washington,  causing  a  wind- 
fall estimated  at  3.5  to  9.5  billion  feet  board  measure  of  western  red 
cedar,  Douglas  fir,  Sitka  spruce,  silver  fir,  and  western  hemlock. 
Beginning  in  the  summer  of  1921,  observations  were  made  yearly, 
except  in  1925,  on  the  deterioration  of  this  dowTi  timber.  In  1926 
a  careful  study  was  made.  It  was  found  that  western  hemlock  and 
silver  fir  had  deteriorated  very  rapidly,  followed  by  Sitka  spruce, 
whereas  Douglas  fir  and  particularly  western  red  cedar  had  deterio- 
rated slowly.  For  the  first  three  seasons  most  of  the  loss  was  occa- 
sioned by  ambrosia  beetles  and  blue  stain  in  the  sapwood.  From 
the  fourth  season  on,  decay  became  important,  so  that  by  the  summer 
of  1926  the  sapwood  of  all  species  had  been  virtually  destroyed  and 
in  addition  considerable  heartwood  of  Sitka  spruce,  silver  fir,  and 
western  hemlock  had  been  rotted.  This  was  shown  by  comparing 
the  percentages  of  decay  and  of  sapwood,  which  were  determined 
for  each  species.  Decay  was  retarded  by  the  high  moisture  content 
of  the  wood  in  the  down  trees,  resulting  from  the  normal  heavy 
rainfall  in  the  region. 

In  all,  sporophores  of  16  species  of  wood-destroying  fungi  were 
found  on  the  wind-thrown  trees.  Only  3  species  occurred  on  western 
red  cedar,  and  1  of  these,  Polystictus  cuneatus,  was  confined  to  that 
host.  Sporophores  of  P.  abietinus,  followed  by  those  of  Fomes 
pinicola,  Lenzites  sepiaria,  and  F.  applanatus  in  the  order  named, 
occurred  on  the  greater  number  of  trees.  However,  the  greatest 
total  loss  through  decay  was  caused  by  F.  pinicola,  followed  by 
F.  applanatus.  In  western  red  cedar,  however,  P.  cuneatus  was 
responsible  for  most  of  the  rot. 

The  total  loss  in  the  summer  of  1926  in  the  trees  studied,  based 
on  board-foot  volume,  had  amounted  to  26.6  per  cent  in  western  red 
cedar,  to  34.5  per  cent  in  Douglas  fir,  to  46.3  per  cent  in  Sitka  spruce, 
to  73.5  per  cent  in  silver  fir,  and  to  91.9  per  cent  in  western  hem- 
lock. On  the  basis  of  cubic-foot  volume,  the  total  loss  was  22  per 
cent  in  western  red  cedar,  34.2  per  cent  in  Douglas  fir,  41.7  per 
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cent  in  Sitka  spruce,  55.8  per  cent  in  silver  fir,  and  68.4  per  cent  in 
western  hemlock.  In  addition  to  the  loss  caused  by  decay,  this  loss 
consisted  of  timber  broken  in  falling  and  lost  in  stumps,  which  in 
many  cases  had  to  be  left  much  longer  than  if  the  trees  had  been 
standing.  However,  except  in  western  red  cedar  and  Douglas  fir, 
by  far  the  most  of  the  total  loss  had  resulted  from  decay.  From  the 
standpoint  of  utilization,  western  hemlock  and  silver  fir  were  already 
complete  losses,  and  Sitka  spruce,  with  the  exception  of  the  very 
large  trees,  would  be  so  in  three  or  four  years  more,  whereas  Doug- 
las fir  and  western  red  cedar,  especially  the  latter,  would  contain 
merchantable  values  for  a  long  tune. 
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/    INTRODUCTION 

Experiments  on  the  effects  of  inbreeding  on  guinea  pigs  were  begun 
by  the  United  States  Bureau  of  Animal  Industry  in  1906  under  the 
direction  of  G.  M.  Rommel,  of  the  Animal  Husbandry  Division. 
Certain  of  the  results  have  been  described  in  previous  bulletins  by  the 
senior  author,  who  took  charge  of  the  project  in  1915  (13).^  Among 
these  results  was  an  increasingly  marked  differentiation  among  23 
inbred  strains.  This  was  demonstrated  with  respect  to  weight, 
both  elements  of  fecundity  (size  and  frequency  of  litters),  the  mor- 
tality of  the  young  at  birth,  and  between  birth  and  weaning,  and 
resistance  to  tuberculosis  as  well  as  with  respect  to  such  characters 
as  coat  color,  tendency  toward  Polydactyly,  and  tendency  to  produce 
particular  types  of  abnormal  young.  It  was  shown  that  there  was  in 
general  no  correlation  between  the  ranking  of  a  family  in  one  respect 
and  in  another,  indicating  that  the  differentiation  was  not  merely  in 
general  vigor  but  represented  the  fixation  of  some  chance  combination 
of  characters  in  each  strain.  It  has  seemed  important  to  trace  the 
further  history  of  a  number  of  these  strains  to  find  out  how  persistent 

1  Doctor  Wright  formerly  was  in  charge  of  the  animal  genetic  work  of  the  Bureau  of  Animal  Industry, 
but  became  a  collaborator  on  Jan.  1,  1926. 

2  Reference  is  made  by  (italic)  numbers  to  "Literature  cited,"  p.  30. 
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the  differences  would  prove  to  be.  This  bulletin  is  an  analysis  of 
the  annual  averages  in  five  large,  inbred  strains  for  a  period  of  nine 
years  (1916  to  1924)  beginning  with  the  tenth  year  of  exclusive  brother- 
sister  matings  in  the  strains  and  supplemented  by  a  study  of  the  prog- 
ress of  differentiation  among  sublines  mthin  each  of  them. 

EARLY  RESULTS  OF  INBREEDING  EXPERIMENTS 

Twenty-three  strains  (or  ^'families")  were  successfully  started  in 
1906  from  mating  of  23  different  females  with  9  different  males,  and 
were  maintained  for  at  least  four  yeai-s,  by  exclusively  brother-sister 
matings.  All  of  the  females  came  from  a  stock  which  had  already 
been  maintained  by  the  Bureau  of  Animal  Industry  for  12  years 
without  outcross.  The  four  foundation  males  for  16  of  the  families 
also  came  from  this  stock.  Two  of  the  families  treated  here  (Nos.  2 
and  13)  are  in  this  group  and  came  from  different  males.  A  portion 
of  this  stock  was  kept  as  a  control  (B)  within  which  the  mating 
even  of  second  cousins  was  avoided.  The  5  foundation  males  for  the 
other  7  families  were  purchased  from  a  dealer.  Families  32,  35,  and 
39  trace  to  3  different  foundation  males  in  this  group. 

Eighteen  of  these  families  were  still  on  hand  at  the  end  of  1915 
after  nine  years  of  inbreeding,  while  five  had  run  out  because  of  such 
a  serious  decline  in  vigor  in  one  respect  or  another  that  the  system 
of  mating  litter  mates  at  time  of  weaning  was  not  able  to  offset 
losses.  Three  more  families  became  extinct  for  similar  reasons  in 
1917.  At  that  time  the  number  of  families  was  cut  to  ^ve  in  order 
to  make  more  space  available  for  testing  the  effects  of  crossbreeding. 
These  five  families  are  still  on  hand  (1927)  and  have  reached  from 
17  to  28  generations  after  the  20  years  of  brother-sister  mating. 

The  fact  that  it  has  been  possible  to  follow  this  system  of  mating 
for  so  long  a  period  corroborates  the  well-known  result  of  King  (9) 
with  rats  that  the  effects  of  inbreeding  are  not  necessarily  so  dele- 
terious in  the  case  of  mammals  as  has  often  been  held.  However, 
while  Doctor  King  was  able  by  careful  selection  within  a  single  origi- 
nal line  actually  to  raise  the  vigor  of  her  stock,  the  results  in  the 
guinea-pig  experiments  were  in  harmony  with  the  traditional  results 
of  inbreeding  and  with  earlier  experiments  on  mammals  (Crampe  (4), 
Ritzema-Bos  (3),  Weismann  (12),  von  Guaita  (7,  8)),  as  well  as  most 
experiments  with  other  groups  of  organisms,  in  that  there  was  un- 
doubtedly a  decline  in  the  inbred  stock  as  a  whole  in  all  elements  of 
vigor  in  comparison  with  the  control  stock  B.  The  guinea-pig  experi- 
ment differs  from  Doctor  King's  in  that  there  was  no  selection  other 
than  rejection  of  animals  obviously  in  bad  health  and  the  inevitable 
natural  selection  in  favor  of  high  vitality  and  fertility. 

A  study  of  the  separate  histories  of  the  23  inbred  families,  com- 
paring their  records  in  two  periods,  1906-1910  and  1911-1915,  brought 
out  the  fact  that  there  was  the  increasingly  marked  differentiation, 
already  referred  to. 

It  was  found  that  the  average  yearly  rate  of  decline  ^vithin  families 
was,  in  all  respects,  about  twice  that  of  the  inbred  stock  considered 
as  a  whole,  the  reason  being  that  the  more  vigorous  famihes  tended 
to  outbreed  the  less  vigorous  ones.  That  there  were  real  hereditary 
differences  was  shown  by  the  existence  of  positive  correlations  rang- 
ing from  +  0.25  to  +  0.68  between  the  averages  of  the  22  available 
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families  for  the  earlier  and  later  periods.  Hereditary  differences 
were  demonstrated  with  reasonable  certainty  in  the  cases  of  weight 
(  +  0.68),  size  of  Htter  (  +  0.65),  and  percentage  bom  ahve  (  +  0.51), 
while  differences  in  percentage  raised  of  those  bom  ahve  (  +  0.32) 
and  in  htters  per  year  (  +  0.25)  could  only  be  said  to  be  indicated. 
The  absence  in  the  main  of  significant  correlations  between  different 
elements  of  \dgor  showed,  as  already  noted,  that  it  was  not  merely 
differentiation  in  general  vigor  that  had  occurred.  Each  family  had 
come  to  have  its  owti  peculiar  combination  of  traits,  good,  bad,  or 
indifferent. 

An  extensive  series  of  crosses  between  different  inbred  famihes 
resulted  in  marked  improvement  in  every  element  of  vigor  either  in 
the  first  or  second  generation,  depending  on  whether  the  character 
was  one  that  depended  chiefly  on  the  heredity  of  the  young  (resistance 
to  tuberculosis,  adult  weight,  and  to  less  extent  weaning  weight  and 
mortahty  between  birth  and  weaning)  or  on  that  of  the  dam  (size 
of  htter,  birth  weight,  mortahty  at  birth)  or  of  both  parents  (fre- 
quency of  htters).  The  level  of  the  control  stock  was  reached  and 
in  one  case  (frequency  of  htters)  far  surpassed  by  the  crossbreds, 
indicating  that  nothing  had  been  permanently  lost  by  the  long- 
continued  inbreeding. 

The  differentiation  of  strains  and  the  improvement  on  crosvsing  as 
well  as  the  initial  average  decline  in  vigor  are  closely  in  hne  with 
those  obtained  with  other  organisms,  as,  for  instance,  the  results  of 
Darwin  with  morning-glories  and  other  plants;  East,  ShuU,  Jones, 
Colhns,  and  others  wdth  corn;  Castle,  Moenkhaus,  Hyde,  and  others 
with  Drosophila.  The  senior  author  was  inclined  to  adopt  the 
Mendehan  theory  of  inbreeding,  developed  especialty  by  Shull,  East, 
and  Jones  (5).  Presumably  many  series  of  factors  were  represented 
by  more  than  one  allelomorph  in  the  original  stock.  Differences 
doubtless  already  present  among  the  foundation  pairs  of  the  various 
famihes  would  tend  to  become  accentuated  by  the  chance  attain- 
ment of  homozygosis  in  one  combination  or  other,  which  is  a  well- 
known  statistical  consequence  of  inbreeding.  On  this  view  the  aver- 
age decline  in  vigor  is  caused  by  the  increased  proportion  of  homo- 
zygous recessives,  recessives  being  more  frequently  deleterious  than 
dominants  both  in  observation  and  as  a  theoretical  consequence  of 
the  effects  of  selection.  On  crossing,  each  family  is  hkely  to  furnish 
many  of  the  dominant  factors  absent  in  the  other  family.  As  a 
result,  the  level  of  vigor  of  the  original  stock  should  be  reached  (or 
surpassed,  in  case  there  has  been  selective  ehmination  of  the  weaker 
inbred  strains). 

CHARACTERS  OF  FIVE  INBRED  FAMILIES 

The  matings  of  family  2  were  in  the  eighth  to  the  eleventh  genera- 
tions of  brother-sister  matuig  at  the  end  of  1915  (13,  Table  1).  All 
these  matings  were  descended  from  a  single  one  in  the  fourth  genera- 
tion and  almost  all  from  one  in  the  sixth  (Group  H  and  descendants. 
Table  28).  From  this  point,  however,  the  family  divides  into  two 
nearly  equal  subgroups  which  differ  from  each  other  in  some  respects, 
notably,  in  the  amount  of  white  in  the  coat.  The  whole  family  soon 
came  to  be  com.posed  wholly  of  tricolors — black,  mingled  with  dull 
red  and  white.  It  came  to  be  characterized  (1911-1915)  by  excep- 
tionally hght  weight  (hghtest  of  22  famihes),  rather  small  htters,  a 
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mediocre  standing  in  mortality  at  birth,  but  the  highest  rank  in  the 
percentage  raised  of  the  young  born  alive  and  next  to  the  highest 
rank  in  regularity  in  producing  Htters.  This  family  was  strikingly 
free  of  any  tendency  to  produce  abnormal  young. 

Family  13  was  a  Httle  more  advanced  in  inbreeding  (tenth  to  thir- 
teenth generations)  by  the  end  of  1915.  The  main  portion  was 
descended  from  a  single  mating  in  the  seventh  generation  (a  mating 
of  Group  I,  of  Table  29,  which  produced  Groups  L  and  Q).  Most  of 
these  came  from  one  mating  in  the  ninth  generation.  A  few  matings 
(Groups  G  and  H)  were  on  hand,  however,  whose  hne  of  ancestry 
diverged  from  the  rest  of  the  family  from  the  second  brother-sister 
generation.  This  family  contrasted  with  family  2  in  the  period 
1911-1915,  in  a  relatively  great  weight  at  all  ages  (substantially 
equal  to  that -of  the  control  stock  and  among  the  highest  3  of  the 
22  inbred  famihes),  and  in  relatively  large  litters.  It  showed  only 
average  regularity  in  producing  Htters  but  was  somewhat  above  the 
average  (of  the  inbred  families)  in  percentage  born  alive  and  per- 
centage of  these  raised.  On  the  whole,  it  seemed  at  the  time  to  be 
the  most  ^dgorous  of  the  22  inbred  famihes.  Nevertheless,  it  pro- 
duced an  exceptionally  large  percentage  of  abnormal  young  of  the 
otocephalic  type.  The  coat  pattern  was  typically  black,  red,  and 
white,  as  in  family  2  (except  for  occasional  albinos  in  certain  sub- 
lines). It  differed  in  a  '^ silvering"  of  the  colored  areas  with  white 
hairs  and  in  showing  a  distinctly  higher  average  percentage  of  white. 
Black-eyed  whites  have  been  decidedly  more  abundant  in  this  family 
than  in  any  other. 

Family  32  was  between  the  eleventh  and  fifteenth  generations  at 
the  end  of  1915.  All  matings  beyond  the  fourteenth  generation  and 
thus  nearly  all  in  the  period  beginning  1916,  trace  to  a  single  mating 
in  the  eleventh  generation  (Group  W  and  descendants.  Table  30). 
Most  of  the  remainder  tie  in  with  this  group  at  the  seventh  generation 
(Group  V).  A  very  few  young  trace  to  a  different  F  2  mating.  Family 
32  varied  from  average  to  decidedly  below  average  (among  the  in- 
breds)  in  all  the  vital  characters  in  the  period  (1911  to  1915).  It 
resembles  family  2  in  its  small  htters  and  in  its  light  weight  at  all 
ages.  The  amount  of  white  in  the  coat  pattern  approaches  that  of 
family  13,  but  the  colored  spots  are  very  different,  being  of  an  excep- 
tionally intense,  golden-agouti  color,  or  of  a  correspondingly  intense 
red.  It  produced  a  few  otocephaUc  monsters  but  only  in  its  early 
history  in  contrast  with  family  13  in  which  this  tendency  became 
greater  (in  certain  lines)  as  uibreeding  advanced. 

Family  35  was  in  the  ninth  to  the  fifteenth  generations  at  the  end 
of  1915.  The  main  portion  (about  half  the  young  in  1916,  three- 
fourths  in  1917,  and  all  following)  descended  from  a  single  mating  in 
the  twelfth  generation.  Only  this  group  (comprising  Groups  M  and 
R)  and  their  descendants  and  their  parent  mating  (35-12-5),  have 
been  used  in  calculating  the  annual  averages  for  the  years  1916-1924. 
The  family,  as  treated  here,  is  thus  an  exceptionally  homogeneous 
group.  In  the  period  1911  to  1915  family  35  was  above  the  average 
in  all  respects,  having  risen  from  a  poor  standing  in  most  of  these 
respects  in  the  earlier  period.  It  produced  litters  relatively  regularly, 
the  litters  being  of  large  size,  and  was  the  highest  of  22  families  m 
total  fecundity.  In  color,  a  combination  of  yellow  agouti,  yellow, 
and  white  had  become  fixed.     The  white  covers  about  60  per  cent  of 
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the  coat  on  the  average,  but  varies  in  individuals  from  a  mere  trace 
on  feet  or  nose  to  all  white.  A  pecuUarity  of  this  family  is  the  fre- 
quent occurrence  of  polydactylous  young,  especially  among  the 
progeny  of  young  females  (15). 

Family  39  was  in  the  ninth  to  thirteenth  generations  at  the  end  of 
1915.  All  these  matings  traced  to  a  single  one  in  the  fourth 
generation,  (Group  B,  Table  32)  and  most  of  them  from  one  in  the 
seventh  (Group  F).  It  seemed  to  be  a  reasonably  vigorous  family  in 
this  period  and  occupied  more  pens  than  any  other.  Its  record  was 
above  the  average  of  the  inbred  s  in  size  of  htter,  about  average  in 
frequency  of  htter  (a  marked  decHne  from  its  earlier  ranldng  in  this 
respect),  one  of  the  three  highest  in  percentage  born  ahve  and  about 
average  in  percentage  of  these  raised.  It  was  below  average  only  in 
weight.  Nevertheless,  since  1915  it  has  proved  to  be  the  most  diffi- 
cult of  the  inbred  families  to  maintain  and  m  the  later  years  has 
continually  been  on  the  verge  of  extinction.  In  color,  it  has  con- 
trasted with  the  other  famihes  in  the  small  amount  of  white  in  the 
coat.  The  colored  areas  have  been  golden  agouti  and  red  in  all 
recent  hues,  although  black-red-white  tricolor  segregated  in  certain 
early  hnes. 

AVERAGES  AND  CORRECTION  FACTORS 

The  interrelations  of  the  characters  have  been  discussed  in  detail 
{ISf  p.  9-20).  The  averages  for  the  five  inbred  families  and  the 
control  stock  B  are  given,  in  Tables  5  to  12,  for  the  years  1916  to 
1924,  combined.  Table  5  shows  the  total  numbers  involved  as  well 
as  the  data  on  fecundity.  The  number  of  mating  years  w^as  calcu- 
lated as  described  in  the  publication  just  referred  to  {13 ,  p.  12): 

Matings  are  entered  in  a  table  under  the  month  in  which  the  male  reaches  4 
months  of  age  (an  average  of  3.5  months)  or  under  the  month  following  that  in 
which  the  mating  was  made  if  the  male  was  already  more  than  3  months  old. 
The  mating  is  dropped  from  the  table  the  month  after  the  death  or  disposal  of 
the  female.  The  number  of  litters  produced  by  a  given  group  of  matings,  divided 
by  their  effective  duration  in  years,  as  calculated  by  the  above  method,  gives  the 
average  number  of  litters  produced  by  a  mating  in  a  year. 

The  method  is  a  somewhat  rough  one  and  differences  in  frequency 
of  litters  (and  total  fecundity  and  number  of  young  raised  per  mating- 
year)  must  be  interpreted  with  some  caution.  The  age  at  mating 
makes  some  difference  which  to  a  slight  extent  affects  the  compara- 
bility of  the  data  from  the  inbreds  and  controls  {H^  Table  10), 
More  important,  however,  are  the  differences  in  the  disposal  of  mat- 
ings. Matings  have  usually  been  disposed  of  after  one  or  two  years, 
in  the  inbred  families,  whUe  still  at  the  height  of  reproductive  vigor, 
to  make  way  for  later  generations.  Matings  have  been  retained 
somewhat  longer  in  the  control  stock  and  also  in  family  39  and  in 
other  families  at  times  of  depletion. 

A  different  method  from  that  of  the  previous  bulletins  of  this 
series  has  been  used  for  correcting  for  the  important  effects  of  size 
of  litter  on  birth  weight  and  weight  at  33  days.  The  previous  method 
was  to  calculate  the  average  for  each  size  of  litter  separately  and 
then  find  an  index,  obtained  by  weighing  of  htters  of  1,  2,  3,  and  4. 
In  Parts  I  and  II  (13),  dealing  w^ith  the  early  history,  ratios  of  1 :  3 :  4 : 2 
respectively,  were  used.  In  Part  III  (14),  deahng  with  a  comparison 
of  inbreds  and  crossbreds,  ratios  of  1 :  3 :  3 :  1  were  used.  This  method 
gives  figures  which  are  comparable  when  the  numbers  are  large,  but 
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does  not  use  all  the  data  and  is  unsatisfactory  where  the  numbers  are 
so  small  that  the  separate  averages  for  different  litter  sizes  are  not 
reliable.  In  the  present  study  it  has  seemed  better  to  calculate  the 
actual  averages  and  correct  for  size  of  htter  by  a  regression  formiila. 
This  method,  however,  has  its  own  difficulties.  The  regression  of 
weight  on  litter  size  is  not  close  to  linear  and  differs  rather  markedly 
in  amount  in  different  families. 
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Fig,  1. — Relation  to  size  of  litter  of  (A),  weight  at 
birth  weight;  (D),  same  on  logarithmic  scale;  (E 
raised  of  those  born  alive.     Throe  inbred  families 


33  days;  (B)  same  on  logarithmic  scale;  (C), 
),  percentage  born  alive;  and  (F),  percentage 
and  control  stock,  B 


Inspection  of  Figure  1,  A  and  C,  shows  that  the  regression  is  system- 
atically greater  in  heavy  families  than  in  light  ones  and  also  tliat  a 
difference  of  one  in  size  of  litter  makes  more  difference  in  weight  in 
small  litters  (where  the  weights  are  great)  than  in  large  littei-s  (where 
the  weights  are  small).  The  use  of  logarithms  of  the  weight,  in  place 
of  the  weights  themselves,  tends  to  correct  both  of  these  difficulties 
as  may  be  seen  by  comparing  Figure  1,  B  and  D  with  A  and  C.  The 
average  regression  of  the  logarithms  of  the  birth  weights  on  size  of 
litters  comes  out  about   —0.060  and  for  33  days'  weight  at  about 
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—  0.050.  Tables  of  factors  by  which  the  actual  average  weights  in 
a  given  stock  must  be  multiplied  in  order  to  reduce  all  weights  to  a 
common  size  of  litter  (2.50  was  chosen)  were  easily  prepared  from  these 
logarithmic  regressions  and  are  given  in  Tables  13  and  14. 

It  is  difficult  to  correct  satisfactorily  for  the  effect  of  size  of  Utter 
on  the  mortality  percentages.  Inspection  of  Table  6  or  Figure  1  E 
shows  clearly  that  there  are  such  effects,  but  that  the  relations  are 
neither  linear  nor  parallel  in  different  stocks.  In  family  2  the  highest 
percentages  born  alive  are  in  litters  of  3,  with  litters  of  2  and  4  close 
behind,  but  there  is  a  marked  drop  in  fitters  of  both  1  and  5.  The 
situation  is  very  different  in  family  13,  where  the  highest  percentage 
is  born  alive  in  litters  of  1,  with  (on  the  whole)  progressively  more 
born  dead  with  increase  in  size  of  litter.  The  other  families  show 
intermediate  conditions.  There  is  relatively  fittle  effect  of  size  of 
litter  in  the  control  stock,  the  percentage  born  alive  averaging  between 
80  and  90  up  to  litters  of  5.  Obviously,  no  single  figure  can  describe 
adequately  the  differences  among  these  stocks.  It  has  seemed  best 
to  present  the  actual  percentages  and  to  supplement  these  by  an 
index  obtained  by  weighting  litters  of  1,  2,  3,  and  4  by  1:3:3:1, 
respectively,  in  the  case  of  the  annual  averages.  The  numbers  do 
not  warrant  the  use  of  such  an  index  in  the  case  of  the  subfines.  The 
index  should  give  figures  which  are  entirely  comparable  so  far  as 
the  chosen  combination  of  litter  sizes  is  concerned. 

The  explanation  of  the  family  differences  in  the  above  respect  is 
not  wholly  clear.  The  relation  of  size  of  fitter  to  chances  of  death 
of  the  young  is  probably  rather  complex.  One  might  expect  that 
large  fitters  would  regularly  be  at  a  disadvantage  in  comparison 
with  small  ones,  but  it  is  also  undoubtedly  true  that  a  small  litter  is 
to  some  extent  an  indication  of  unfavorable  conditions  which  may 
more  than  offset  the  direct  advantage  of  small  size.  'Apparently, 
one  factor  is  of  more  importance  in  family  13  and  the  other  in  family  2. 

The  differences  among  the  families  in  the  effect  of  size  of  littei-s 
on  the  percentage  raised  of  the  young  born  alive  are  not  so  great  as 
in  the  case  of  percentage  born  alive.  (Table  7  and  fig.  1  F.)  The 
same  system  of  presentation  is  used. 

ANALYSIS  OF  ANNUAL  AVERAGES 

The  family  averages  for  each  year,  1916  to  1924,  (in  most  cases 
with  those  for  the  two  earlier  periods,  1906  to  1910  and  1911  to  1915) 
are  given  in  Tables  16  to  27,  and  graphically  in  Figures  2  to  10. 

The  numbers  of  young  on  which  these  figures  are  based  are  given 
in  Table  15.  Inspection  of  the  figures  shows  that  in  some  cases  the 
averages  of  all  families  rose  and  fell  as  conditions  changed  from  year 
to  year  in  close  parallelism.     In  other  cases,  parallelism  is  not  obvious. 

Two  questions  are  immediately  presented:  (1)  Are  any  of  the 
differences  in  average  between  the  families  statistically  significant? 
(2)  Are  there  differences  in  trend  which  are  significant?  The  most 
appropriate  method  of  answering  these  questions  seems  to  be  that 
suggested  by  Student  (^)  for  the  comparison  of  paired  observations 
and  the  extension  of  this  method  to  the  treatment  of  regression 
coefficients  by  Fisher  (6).  In  applying  these  methods  each  annual 
average  is  treated  as  a  unit. 
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The  grand  averages  are  thus  calculated  by  the  formula  'i'  =  %ZY, 
when  Y  represents  each  annual  average.     The  trends  are  calculated 

l^XY 

by  the  formula  5  =  ^^  =  %oSXF,  where  x  represents  the  deviation  in 
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Fig.  2. — Birth  weight  of  inbred  and  control  stock  for  the  years  1916-1924 
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Fig.  3.— Weight  at  33  days  of  inbred  and  control  stock  for  the  years  1916-1924 


years  from  the  mid  year  (1920).  The  average  difference  of  two 
stocks,  A  =  )^SA  is,  of  course,  simply  the  difference  of  the  corre- 
sponding grand  averages  Yi  —  Y^  and  similarly  for  the  difference  in 
trend,  6a  =  )^o2ZA  =  61  —  62. 
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Fig.  4.— Weight  (logarithms)  at  33  days  of  inbred  and  control  stock  for  the  years  1916-1924 
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Fig.  5.— Size  of  Utter  of  inbred  and  control  stock  for  the  years  1916-1924 
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Fig.  6.— Number  of  litters  per  year  of  inbred  and  control  stock,  1916-1924 
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Fig.  8.— Percentage  of  young  born  alive  in  inbred  and  control  stock,  1916-1924 
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In  order  to  determine  the  significance  of 


differences  in  average, 


the    quantity   ^i  = 


Si/S 


s 

must  be  determined,  where  ~  = 


V 


V 


8X9 


2;a2-9A^ 

72 


is  the  estimated  standard  error  of  the  mean  difference. 


The  probability  (Ps)  of  not  exceeding  this  ratio  (in  the  same  direction) 
by  random  sampling  may  be  obtained  from  Student's  recent  table  (2) 
under  the  heading  for  8  degrees  of  freedom  (?i  =  8,  n^  =  9).  The  more 
usually  used  probability  of  exceeding  the  observed  t,  in  either  direc- 
tion, may  be  obtained  from  the  formula  P  =  2  (1— P^)  and  is  the  fig- 
ure used  in  Table  2. 
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Fig.  10.— Percentage  raised  of  all  young  born  in  inbred  and  control  stock,  1916-1924 

This  test  makes  no  allowance  for  the  reality  of  differences  in  trend. 
If  it  is  desired  to  make  such  allowance  and  thus  determine  the  prob- 
ability that  the  observed  difference  might  have  been  exceeded  in  either 
direction  by  random  sampling  from  series  with  the  observed  different 
trends  but  no  difference  in  average  (trends  intersecting  in  the  mid  year), 

the  quantity  f2  =  owoniust  be  lound,  where -^  =  -t/ -^ • 

The  probability  is  to  be  determined  as  above,  except  that  it  must  be 
sought  under  the  heading  for  7  degrees  of  freedom. 

The  significance  of  differences  in  trend  depends  on  the  ratio 
,  _5aV60 


^2 


Here  again  there  are  7  degrees  of  freedom. 
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The  following  is  an  example  of  these  calculations: 

Size  of  litter 


13 


Year 

Family  2 

Family  13 

A 

i              Year 

Family  2 

Family  13 

A 

1916 

2.24 
2.20 
2.12 
2.43 
2.35 

2.36 
2.41 
2.39 
2.85 
2.82 

-0.12 
-.21 
-.27 
-.42 
-.47 

1 

i  1921 

1922 

2.48 
2.32 
2.55 
2.66 

2.73 

2.58 
2.89 
2.78 

-0.25 

1917 

-.26 

1918 

1  1923 

-  34 

1919 

1  1924 

—.12 

1920                      -     - 

1 

Y2=-^^Y2  =   2.373 


Fi3  =  q2Fi3=    2.646 

A  =  |sA    =-.273 

A2  =      .0745 

2A2  =  .7888 

SA2-9A2  =.1183 

2A2-9A2-605^  =.1177 

§=.0405 


y=.0432 


62  =^2Xr2  =+.053 
6i3=^2Xri3=+.056 


7ll  =  8 
7^2  =  7 
7l3  =  7 


6.  =  ij2XA     = 

-.003 

hi 

.00001 

^=^(SA^-9A^) 

=  .001643 

^'=^(2A^-9A=-605I) 

=  .001868 

''-4        -'■'' 

Pi  =.00016 

P2=.0004 

P3  =  .86 

There  is  clearly  a  significant  difference  in  average  size  of  litter 
betv/een  families  2  and  13  (Pi  =  0.00016,  P2  =  0.0004)  but  no  difference 
in  trend  is  indicated  (P3  =  0.86).  The  averages  and  trends  of  the  five 
inbred  families  and  of  the  controls  are  given  in  Table  1  for  the  various 
characteristics.  Table  2  shows  the  average  differences  in  most  of 
these  respects  between  each  pair  of  stocks  and  the  probability  that 
random  sampling  might  yield  greater  differences,  making  no  allowance 
for  trend.  The  probabilities  on  makmg  allowance  for  trend  are  given 
in  Table  3.  The  differences  in  trend  and  the  corresponding  probabil- 
ities are  given  in  Table  4. 

WEIGHT 

It  will  be  convenient  to  begin  the  discussion  of  results  with  weight 
(figs.  2,  3,  4),  as  the  results  in  this  respect  are  exceptionally  clear-cut 
and  seem  correspondingly  easy  to  interpret.  The  control  stock  shows 
greater  weight  at  birth  and  more  rapid  gains  than  any  of  the  inbred 
families.     The  differences  are  unquestionably  significant  in  four  cases, 
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but  not  in  the  case  of  family  13.  Among  the  inbred  famihes  them- 
selves there  are  significant  differences  in  every  case  (33-day  weight, 
Tables  2  and  3).  Most  of  the  probabilities  of  exceeding  by  random 
sampling  are  less  than  1  in  10,000.  The  order  of  the  families  is  the 
same  at  birth  and  at  33  days  and,  except  for  reversal  of  order  of 
families  32  and  39,  the  same  at  a  year  (14,  Table  8).  With  respect  to 
trend,  on  the  other  hand,  there  is  not  a  single  significant  difference 
among  the  15  comparisons  in  Table  4.  All  five  of  the  inbred  families, 
as  well  as  the  control  stock,  show  decided  upward  trends  during  the 
period.  The  control  stock,  it  is  true,  shows  the  greatest  upward 
trend,  but  this  seems  to  be  wholly  a  consequence  of  its  greater  abso- 
lute weight.  On  the  logarithmic  scale  this  difference  practically 
disappears.  The  greatest  difference  in  trend  (in  grams)  is  between 
the  control  stock  and  the  lightest  inbred  family  (No.  2)  with  a  proba- 
bility of  being  exceeded  by  chance  of  0.01.  This  probability  is  raised 
to  0.17  on  the  logarithmic  scale  and  thus  loses  most  of  its  significance. 

It  may  be  concluded  that  the  inbred  families,  as  a  group,  had  fallen 
below  the  control  stock  by  1916  and  had  also  become  markedly 
differentiated  from  one  another.  A  certain  growth  tendency  had 
become  so  completely  fixed  in  each  family  by  this  time  that  there 
was  almost  perfect  parallelism  in  their  responses  to  the  varying 
environmental  conditions  from  year  to  year. 

The  fact  that  there  is  no  indication  of  further  decline  in  weight 
among  the  inbreds  relative  to  the  control  stock,  after  1916,  is  of 
especial  interest  and,  like  the  other  results,  is  in  harmony  with  the 
Mendelian  theory  of  inbreeding  under  which  heterozygosis  is  reduced 
about  92  per  cent  by  the  twelfth  generation  of  brother-sister  mating, 
that  reached  on  the  average  about  1916.  The  fact  that  there  is 
actually  an  upward  trend  in  weight  in  all  families  is  doubtless  due  to 
the  fact  that  conditions  were  exceptionally  unfavorable  in  1916,  1917, 
and  1918,  as  compared  with  later  years. 

SIZE  OF  LITTER 

The  results  for  size  of  litter  (fig.  5)  are  more  irregular,  but  there  is 
agreement  in  several  important  respects  with  those  for  weight.  The 
control  stock  is  superior  to  all  the  inbreds,  and  in  four  of  the  five 
cases  it  is  reasonably  certain  that  the  difference  is  significant.  There 
are  also  differences  among  the  inbred  families  which  are  certainly 
real.  Family  32  certainly  stands  lowest,  and  family  13  is  certainly 
superior  to  35  and  2,  as  well  as  to  32. 

The  order  does  not,  however,  seem  to  have  become  so  definitely 
fixed  as  in  the  case  of  the  weights.  Family  35  shows  a  trend  which 
is  absolutely  downward,  and  significantly  so  in  comparison  with 
families  39,  13,  2;  and  probably  the  control  stock.  Family  32  shows 
substantially  a  level  trend,  in  contrast  with  rising  trends,  which  can 
be  relied  on  as  significantly  different  from  the  former  in  families  39, 
2,  and  probably  13.  As  with  weight,  there  is  no  general  difference  in 
trend  between  the  inbreds  as  a  group  and  the  control  stock.  So  far 
as  it  goes  this  indicates  that  the  fixation  of  factors  by  inbreeding  had 
been  nearly  completed  by  1916,  as  expected  by  theory.  This  makes 
the  question  of  the  real  differences  in  trend  among  the  inbred  families 
one  of  some  difficulty.  Discussion  will  be  deferred  until  after  consid- 
eration of  the  other  characters. 
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FREQUENCY  OF  LITTERS 

As  may  be  seen  from  Figure  6  the  number  of  litters  fluctuates 
rather  widely.  For  the  reasons  already  discussed  it  was  not  expected 
that  this  character  (and  those  which  depend  on  it)  would  show  such 
consistent  results  as  the  others.  However,  it  seems  sufficiently  clear 
that  family  39  is  more  irregular  in  breeding  than  any  other  family 
and  that  family  32  comes  next  in  irregularity.  In  contrast  with 
weight  and  size  of  litter  this  character  shows  a  falling  trend  in  both 
control  stock  and  the  inbred  families  as  a  group.  In  one  of  the  latter, 
however  (family  13),  there  is  a  marked  rising  trend  which  differs 
significantly  from  all  the  other  trends,  including  that  of  the  control 
stock. 

The  comparisons  with  respect  to  total  fecimdity  (young  per  mating 
per  year)  show  that  the  two  elements  of  fecundity  do  not  compensate 
for  each  other.  There  are  a  number  of  clearly  significant  differences 
both  in  average  and  in  trend  among  the  inbred  families  and  between 
certain  of  these  and  the  control  stock. 

MORTAUTY  PERCENTAGES 

The  curious  differences  among  the  inbred  families  in  the  relation  of 
size  of  litter  to  frequency  of  stillbirths  have  already  been  noted. 
There  seems  to  have  been  but  Httle  genetic  differentiation  among 
them  in  average  when  compared  on  the  basis  of  the  index.  In  a 
comparison  of  actual  percentages  born  aUve,  family  13  comes  out  as 
the  lowest  and  significantly  so  in  relation  to  families  2  and  32,  as 
well  as  to  the  control  stock.  This,  however,  seems  to  be  largely  a 
consequence  of  its  relatively  large  litters. 

There  are  clearly  significant  differences  in  trend  among  the  inbred 
families,  whether  the  actual  percentages  or  the  indices  are  used. 
Families  2  and  32  show  rising  trends  which  are  significantly  different 
from  the  falling  trends  of  35  and  39.  Again,  there  is  no  important 
difference  between  the  trend  of  the  inbred  stocks  and  of  the  controls 
as  a  group,  indicating  that  the  decline  in  vigor  due  to  inbreeding 
occurred  wholly  in  the  earlier  portion  of  the  experiment. 

There  are  many  significant  differences  among  the  inbred  families 
in  the  percentage  raised  of  the  young  born  alive.  Family  2  reared 
the  greatest  proportion  and  family  39  the  lowest.  The  former  actu- 
ally raised  a  higher  percentage  than  the  control  stock,  although  stand- 
ing slightly  lower  in  a  comparison  only  of  litters  of  the  same  size,  by 
means  of  the  index.  There  are  only  two  clearly  significant  differ- 
ences in  trends.  Family  2  shows  a  rapidly  rising  trend  in  comparison 
with  family  35  and  the  control  stock.  The  falling  trend  of  the 
control  stock,  contrasting  with  a  rising  trend  in  the  inbred  stock  as 
a  whole,  is  rather  curious.  The  simplest  explanation  seems  to  be 
that  the  former  was  affected  relatively  little  by  the  unfavorablo 
condition  for  1916-1918,  which  pulled  down  the  records  of  the  in- 
breds.  It  had  in  consequence  less  room  for  improvement  in  the 
later  years.  There  is  at  any  rate  no  indication  of  continued  decline 
as  a  result  of  inbreeding. 

The  figures  on  the  percentage  of  all  young  raised  (Table  23)  bring 
out  the  superiority  of  family  2  over  the  other  inbred  families,  as  well 
as  other  significant  differences.  There  are  again  significant  differ- 
ences in  trend. 


16    TECHNICAL  BULLETIN  103,  U.  S.  DEPT.  OF  AGRICULTURE 

The  total  productivity  of  the  families  is  measured  by  the  young 
raised  per  matiug  per  year  (Table  24).  There  are  siguiiicant  differ- 
ences in  nearly  every  comparison  made.  Families  2  and  13  rose 
rapidly  during  the  period.  Family  32  a  little  more  than  held  its 
own,  while  families  35  and  39  declined  at  such  rate  that  their  main- 
tenance became  a  serious  problem. 

Summing  up  the  preceding  discussion,  it  may  be  said  that  after 
nine  years  of  brother-sister  mating  (1907-1915)  the  inbred  families 
as  a  group  (and  in  nearly  every  case  individually)  had  become 
markedly  inferior  to  the  noninbred  stock  in  weight,  in  both  elements 
of  fecundity,  and  in  death  rate  at  and  following  birth.  There  was 
on  the  other  hand  no  indication  of  further  decline  of  the  iabreds 
duriag  the  next  nine  years  (1916-1924).  The  iabred  families  had 
become  more  or  less  differentiated  from  one  another  in  all  respects 
by  1916.  In  weight,  all  the  differences  persisted  through  the  second 
9-year  period  as  perfectly  as  could  be  expected,  and  in  the  other 
characters  there  w^ere  many  examples  of  such  persistence.  So  far, 
the  results  are  those  expected  ia  the  Mendelian  theory  of  iabreediag. 
There  were,  on  the  other  hand,  undoubtedly  significant  differences 
ia  trend  following  1916  ia  some  of  the  families  with  respect  to  char- 
acters other  than  weight.  Family  13  showed  a  risiag  trend  in  every 
respect,  closely  followed  in  this  by  family  2.  Family  35  showed  a 
falling  trend  iii  every  respect  except  weight.  These  late  changes  in 
trend  are  not  immediately  reconcilable  with  the  theory  and  thus 
constitute  a  problem  which  requires  further  consideration. 

POSSIBLE  EXPLANATIONS   OF  DIFFERENCES  IN   TREND 

There  are  several  ways  ia  which  the  late  differences  m  trend  among 
the  iabred  families  may  be  explaiaed. 

Branches  of  the  same  family  may  have  become  markedly  different 
from  one  another  in  the  early  generations  as  a  result  of  segregation. 
Displacement  of  one  branch  by  another,  in  numbers,  would  result  in 
a  rising  or  falling  trend,  depending  on  whether  it  was  the  higher  or 
the  lower  that  happened  to  multiply  most  rapidly. 

The  same  result  might  have  been  brought  about  by  mutation  and 
displacement  of  other  branches  by  the  mutant  line.  The  origin  of  a 
markedly  different  line  late  in  the  course  of  the  inbreeding  would 
suggest  mutation  rather  than  segregation. 

The  unavoidable  natural  selection  of  the  more  vigorous  lines  might 
keep  a  greater  amount  of  heterozygosis  in  minor  factors  in  the  stock 
than  expected  by  theory  and  result  in  a  continuation  of  the  decline 
of  vigor  beyond  that  of  the  early  history,  and  thus  into  the  period 
from  1916  to  1924,  considered  here.  Different  families  may  differ 
greatly  in  the  extent  to  which  the  attainment  of  homozygosis  is 
delayed,  the  result  being  differential  trends. 

Minor  mutations,  affecting  such  complex  physiological  characters 
as  fecundity  and  vitality  may  be  more  abundant  than  ordinarily 
considered.  As  it  is  to  bo  expected  that  such  nmtations  would  be 
predominantly  deleterious,  the  result  would  be  a  decline  in  vigor 
continuing  as  long  as  the  strain  persisted  under  inbreeding.  Particular 
families  may  have  genetic  complexes  which  render  them  niore  sus- 
ceptible to  the  efl'ects  of  such  mutation  than  others.  Differences  in 
trend  would  again  be  a  consequence. 
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The  differences  in  trend  may  not  be  due  to  genetic  causes  at  all  but 
by  differential  responses  to  changing  conditions.  The  best  family 
under  one  set  of  conditions  is  not  necessarily  the  best  under  all  con- 
ditions. 

STUDY   OF   FAMILY   BRANCHES 

In  order  to  form  some  judgment  on  this  question,  the  family 
histories  have  been  studied  along  pedigree  lines.  The  numbers  pro- 
duced by  single  matings  are  too  small  to  give  results  of  any  significance 
in  this  connection,  but  something  may  be  learned  by  grouping  related 
matings.  The  family  records  have  accordingly  been  divided  into 
groups  including  from  50  to  200  young  descended  from  a  single  mating 
and  extending  over  about  five  generations  in  order  to  smooth  out 
environmental  effects  to  some  extent.  Data  of  this  sort,  going  back 
to  the  foundation  matings  and  carried  through  1924  (June,  1925,  in  case 
of  family  13)  are  presented  in  Tables  28  to  32.  The  initial  mating 
of  each  group  is  indicated  by  two  numbers,  the  first  giving  the  genera- 
tion of  inbreeding  and  the  second  arbitrary.  The  groups  are  also 
assigned  letters  for  convenience  in  reference.  The  letter  of  each 
parent  group  is  given  in  each  case  in  order  to  make  possible  the  recon- 
struction of  the  family  history  in  terms  of  groups  as  units.  The 
average  dates  of  birth  of  the  litters  produced  by  each  group  are 
given  in  order  to  locate  them  roughly  on  a  time  scale.  The  char- 
acters given  are  the  average  size  of  litter,  the  actual  mortality  per- 
centages for  the  young,  and  the  birth  weights  and  33-day  weights 
corrected  for  size  of  litter,  in  addition  to  the  average  percentage  of 
white  in  the  coat  in  males  and  females  (since  1916),  and  certain 
family  peculiarities.  Among  these  are  percentage  occurrence  of 
spots  of  color  on  the  nose  (nose  spot)  and  at  the  base  of  the  spine 
(tail  spot)  in  family  2,  in  which  family  these  characters  are  fairly 
common  while  very  uncommon  in  the  other  families.  Percentage  of 
otocephalic  monsters  is  recorded  for  family  13  (rare  or  absent  in 
other  families)  and  percentage  of  Polydactyly  in  family  35  (rare  or 
absent  in  other  families). 

The  history  of  the  five  families  is  presented  graphically  for  three  of 
the  characters,  3 3 -day  weight,  size  of  litter,  and  percentage  raised, 
in  Figures  11  to  25.  The  groups  are  located  on  the  time  scale  at  their 
mid-points  and  connected  to  show  source. 

GENERAL   ASPECTS   OF   GRAPHS 

With  respect  to  33-day  weight  all  five  families  show  more  or  less  of 
a  falling  trend  to  about  1916  and,  as  brought  out  by  the  annual 
averages,  slightly  rising  trends  thereafter.  With  minor  exceptions, 
largely  in  the  early  generations,  the  contemporary  groups  in  each 
family  are  closely  bunched  and  give  no  conclusive  evidence  of  either 
segregation  or  mutation  of  major  factors.  Thus,  as  in  the  data  pre- 
viously discussed,  the  situation  turns  out  to  be  extremely  simple  with 
respect  to  weight. 

In  marked  contrast  are  the  differences  in  the  family  histories  with 
respect  to  size  of  litter.  The  general  aspect  is  of  persistence  at  a 
constant  level  in  families  2  and  39,  but  of  decline  in  families  35,  13, 
and  32.  In  more  detail,  family  2  shows  perhaps  some  decline  in  its 
early  history  (leaving  out  of  account  the  first  group  with  its  very  poor 
17315°— 29 3 
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record).  There  is  a  rise  in  the  later  period,  the  two  highest  records  of 
all  being  in  groups  centering  in  the  last  year.  There  is,  however,  a 
great  deal  of  spread  among  the  later  groups.  In  family  13  there  is  a 
rapid  decline  from  the  high  records  of  the  early  groups,  followed  by  an 

/S<P7  '^S   'i?S    '/tP     '//     V£    ys    V^     '/S-    '/g-    '/T'   VS    V^    ^2tP   '2/    '22  '23  '24  *2Jr 
ZSO 

24(7 

23C? 

220 

"^  /so 

/SO 
/70 

/eo 
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Fig.  11.— Weight  at  33  days,  family  2.  Charts  11  to  25  show  characters  of  groups  of  guinea 
pigs  within  each  family  from  the  beginning  of  the  experiment,  averaged  to  show  lines  of 
descent.  Letters  designate  groups,  and  are  located  at  the  point  marking  the  mean  of  the 
years  in  which  the  young  of  the  group  were  born.  Heavy  lines  differentiate  groups  differing 
widely  from  other  groups  in  certain  characters,  as  "nose  spot"  in  family  2,  "otocephaly" 
in  family  13,  and  "Polydactyly"  in  family  35.    Dates  at  beginning  of  years 

apparent  split,  one  branch  showing  a  marked  rise  in  the  period  fol- 
lowing 1916.  Family  32  also  started  with  high  records,  but  the  ani- 
mals in  the  entire  second  half  of  its  history  trace  to  a  single  very  low 
group  w^hich  probably  arose  by  segregation.    In  this  latter  part  there 
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Fig.  12.— Size  of  litter,  family  2 


is  but  little  spread  and  no  further  decline.  Family  35  started  high 
and  declined  slowly  but  apparently  continuously  along  its  main  line 
and  with  considerable  spread  (segregation)  throughout.  Family  39, 
starting  rather  low,  shows  no  evidence  of  any  decline  in  the  early 
period  and  rises  in  the  second. 
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Fig.  13.— Percentage  raised,  family  2 
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Fig.  14.— Weight  at  33  days,  family  13 
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Fig.  15.— Size  of  litter,  famUy  13 


20         TECHNICAL  BULLETIN  103,  XJ.  S.  DEPT.  OF  AGRICULTURE 


/SOS  'OS     VO    '//    '/2    '/S    '/^     '/S    ye    '/7    Va    VS    'ZO  ^/   '22  '2S  '2^^    '2S 


s<? 

{/ 

/^ 

so 

) 

/  ^ 

u 

^^ 

t. 

;> 

^ 

> 

\ 

\a 

^  ^ 

,     V 

r-^N 

f 

/ 

PC 

7C? 
k 

\j 

^ 

■^ 

k 

^ 

< 

/ 

\ 

1           XK 

V'i  I 

\ 

\ 

^ 

^ 

"^w^^iM-s' 

V 

-> 

\ 

< 

\ 

(/ 

30 

Fig.  16.— Percentage  raised,  family  13 
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Fig.  17.— Weight  at  33  days,  family  32 
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Fig.  18.— Size  of  litter,  family  32 


Fig.  19.— Percentage  raised,  family  32 


22         TECHNICAL  BULLETIN  103,  U.  S.  DEPT.  OF  AGRICULTURE 


Fig.  20— Weight  at  33  days,  family  35 
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Fig.  21.— Size  of  litter,  family  35 
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Fig.  23.— Weight  at  33  days,  family  39 
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Fig.  24.— Size  of  litter,  family 


24 


TECHNICAL  BULLETIN  103,  U.  S.  DEPT.  OF  AGRICULTURE 


There  are  similar  differences  among  the  f amihes  in  percentage 
raised.  The  level  or  slightly  rising  trend  throughout  the  history  of 
family  2  contrasts  with  the  falling  trend  of  the  others.  The  expected 
decline  in  the  early  history  is  most  conspicuous  in  famihes  13  and  32 
but  is  followed  by  a  slight  rise  later  in  these  famihes.  Both  families 
35  and  39  appear  to  show  a  continuous  decUne  throughout  their 
histories.  There  is  considerable  spreading  of  the  groups  in  all  cases 
but  no  splitting  into  persistently  different  groups. 

POSSIBLE  SEGREGATION  OF  MAJOR  FACTORS 

That  there  may  be  important  differences  among  branches  of  the 
same  family  is  at  once  brought  out  by  examination  of  the  records  for 
amount  of  white  and  occurrence  of  nose  spot  and  tail  spot  in  the 
groups  of  family  2.  Early  segregation  in  percentage  white  is  indicated 
by  comparison  of  Groups  E  and  G,  with  about  88  and  55  per  cent, 
white,  respectively.  These  groups  left  no  descendants,  but  similar 
segregation  is  present  in  the  two  large  branches  of  the  family  de- 
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Fig.  25.— Percentage  raised,  family  39 

scended  from  Group  H,  mth  common  ancestry  in  the  sixth  generation. 
The  1,578  young  of  Group  T-DD  averaged  63  per  cent  white,  while 
the  1,232  young  from  Group  J-R  averaged  85  per  cent  white.  These 
two  large  groups  also  show  clearly  significant  differences  in  the  occur- 
rence of  nose  spot  and  tail  spot.  These  characters  are  combined  with 
each  other  and  with  percentage  of  white  in  various  ways  among  the 
early  groups,  indicating  independent  assortment. 

The  splitting  of  f arnily  2  into  divergent  branches,  presumably  by 
segregation,  does  not,  however,  extend  to  the  characters  with  which 
this  bulletin  is  here  most  concerned.  The  two  major  branches,  T-DD 
and  J-R,  are  strikingly  similar  in  size  of  litter,  weights,  and  mor- 
tality percentages.  There  are  some  rather  striking  variations  among 
the  groups  within  these  branches,  especially  in  size  of  litter,  but  there 
is  so  little  indication  of  heredity  from  group  to  group  that  it  is  difficult 
to  attribute  any  genetic  significance  to  them. 

In  family  13,  the  system  of  groups  headed  by  G,  K,  and  L  was  soon 
displaced  after  1916  by  the  descendants  of  Group  Q.  There  was 
obviously  differentiation  (average  60  to  75  per  cent)  of  Groups  G-H 
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from  the  others  in  percentage  of  white  but  no  important  differences 
among  the  latter,  tracing  to  Group  I  (including  K,  L,  and  Q),  all 
lines  of  which  show  averages  in  the  neighborhood  of  90  per  cent  or 
more.  Line  G-H  is  also  differentiated  from  the  rest  of  the  family 
after  1916  in  showing  no  tendency  to  produce  otocephaUc  monsters, 
presumably  a  result  of  segregation,  since  the  foundation  group  (A) 
of  the  family  showed  this  tendency.  The  main  Hne  of  descendants  of 
I  produced  between  1  and  2  per  cent  of  otocephaly.  A  group  (S) 
beginning  in  the  thirteenth  generation  produced  5.6  per  cent  and 
headed  a  branch  which  rather  consistently  produced  high  percentages. 
A  descendant  group,  U,  beginning  six  generations  later,  produced 
about  one  monster  in  every  four  young.  These  two  abrupt  rises  in 
the  percentage  of  otocephaly,  occurring  as  late  as  the  thirteenth  and 
nineteenth  generation  of  inbreeding  suggest  mutation  rather  than 
segregation,  however. 

In  regard  to  other  characters,  the  hnes  displaced  soon  after  1916 
(G-H,  K-0)  do  not  show  sufficiently  consistent  differences  from  the 
successful  hne  (Q-KK)  to  give  a  clear  indication  of  segregation.  Their 
displacement,  however,  contributes  shghtly  to  the  rising  trend  of 
family  13  after  1916  in  several  respects. 

There  is  again  clear  indication  of  differentiation  through  segrega- 
tion in  the  early  generation  of  family  32  with  respect  to  percentage 
of  white  and  some  indication  of  it  in  other  respects,  such  as  percentage 
raised  and  size  of  Utters.  The  whole  family  after  1916,  however, 
traces  so  nearly  exclusively  to  a  single  group  (W)  beginning  in  the 
eleventh  generation  that  segregation  in  the  early  generation  can  not 
be  an  important  factor  in  affecting  the  trends  after  1916. 

Family  35  shows  no  evidence  of  segregation  with  respect  to  white 
spotting  but  clear  evidence  in  the  case  of  Polydactyly.  Some  of  the 
early  lines  produced  no  Polydactyly  and  others  produced  moderate 
percentages.  Marked  changes  in  percentage  occur  in  generations  so 
late  as  to  suggest  mutation.  In  the  early  history,  lines  low  in  the 
percentage  of  the  young  raised,  are  replaced  by  a  Hne  (L)  high  in 
this  respect.  This  does  not  affect  the  trends  after  1916,  however, 
since  the  entire  family  in  this  period  (as  treated  here)  trace  to  a  single 
mating  in  the  twelfth  generation  belonging  to  Group  L. 

In  family  39,  similarly,  there  is  no  displacement  of  one  important 
line  by  another  in  the  second  half  of  its  history  and  hence  no  trend 
from  this  cause. 

One  may  conclude  that  while  segregation  of  important  factors 
affecting  fecundity  and  mortality  percentages  was  probably  occurring 
in  the  early  generations  of  the  inbred  famihes  (as  it  undoubtedly 
was  in  factors  affecting  percentage  of  white,  coat  pattern,  otoce- 
phaly, Polydactyly,  and  certain  well-known  MendeHan  color  factors 
[S,  s;  e^,  e;  A,  a;  C,  c'',  c*]  not  discussed  here)  differential  survival  of 
the  segregating  hnes  played  Httle  or  no  part  in  bringing  about  the 
observed  differences  in  trend  of  the  inbred  famihes  in  their  history 
after  1916.  A  shght  contribution  to  certain  rising  trends  in  family  13 
is  the  most  that  is  suggested. 
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MAJOR   MUTATIONS 

Differentiation  of  lines  by  mutation  can  not  be  surely  distinguished 
from  segregation  in  such  data  as  the  present.  It  is  convenient  to 
consider  here,  however,  divergences  arising  apparently  abruptly  fol- 
lowing the  twelfth  generation  of  brother-sister  mating  as  suggestive 
of  mutation  rather  than  of  segregation. 

There  are  no  clear  indications  of  anything  of  this  sort  in  family  2. 

The  origin  of  lines  (U,  S)  producing  increased  percentages  of  oto- 
cephaly in  the  thirteenth  and  nineteenth  generations  of  family  13, 
has  already  been  referred  to  as  suggestive  of  mutation.  These  factors 
are  necessarily  ones  which  affect  the  percentage  born  alive  and  may 
well  also  affect  the  percentage  raised  of  those  born  alive.  It  is  not 
surprising  to  find  that  Group  U,  with  25  per  cent  otocephaly,  had 
the  lowest  record  of  all  groups  in  these  respects.  The  system  of 
groups  headed  by  S,  on  the  other  hand  (8.2  per  cent  otocephaly, 
including  those  of  Group  U)  is  actually  shghtly  above  the  contem- 
porary system  of  groups  headed  by  Y  in  percentage  born  alive,  but 
is  distinctly  inferior  in  percentage  of  these  raised.  Much  more 
striking  is  a  marked  inferiority  in  size  of  litter  (2.51  for  335  litters  in 
S-X,  as  compared  with  2.87  in  521  fitters  from  Y  to  KK).^  This 
difference  is  clearly  significant  (0.36  ±0.053)  and  must  be  attributed 
to  genetic  factors  in  view  of  the  close  parallelism  in  time  of  these 
two  branches  of  the  family.  (Fig.  15.)  This  same  paralleHsm  makes 
this  of  fittle  or  no  importance  in  determining  the  rising  trend  of 
family  13.  Whether  this  differentiation  in  litter  size  is  related  to 
that  in  production  of  otocephaly  or  merely  accidentally  associated 
can  not  be  decided  from  the  data. 

There  is  nothing  in  the  later  history  of  family  32  to  indicate 
mutation. 

In  family  35  the  percentage  of  Polydactyly  shifts  a  number  of 
times  in  the  late  history  to  significant  extents,  indicative  of  mutation 
or  segregation,  or  both.  In  other  respects,  however,  there  are  no 
consistent  branch  differences. 

The  remarkable  variations  in  size  of  litter  in  family  39  (fig.  24) 
show  no  clear  indication  of  heredity  from  group  to  group.  The 
extreme  and  increasing  irregularity  of  this  family  in  producing  fitters 
may  be  a  factor  in  the  rising  trend  in  size  of  litters,  since  other  evidence 
indicates  a  negative,  physiological  correlation  between  these  elements 
of  fecundity  {U,  p.  29). 

Summing  up,  one  late  branch  of  one  of  the  families  (No.  13)  shows 
a  marked  difference  in  size  of  litter,  associated  with  a  marked  increase 
in  percentage  of  otocephalic  monsters  produced,  and  some  increase 
in  the  mortality  percentage  of  the  young  w^hich  strongly  suggests 
mutation.  This  line  ran  parallel  in  numbers  to  the  rest  of  the  family 
and  so  had  fittle  or  no  effect  on  trend.  No  other  case  suggesting 
major  mutation  affecting  fecundity,  mortafity  rates,  or  weights  is 
apparent  in  the  data. 

DELAYED  HOMOZYGOSIS 

The  factor  of  delayed  homozygosis  should  result  in  a  continuation 
of  the  usual  decline,  caused  by  inbreeding  beyond  the  early  genera- 
tions. The  history  of  family  35  in  percentage  raised  (fig.  22)  seems 
to  come  as  close  as  any  to  the  sort  of  thing  one  would  expect  if  natural 
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selection  is  maintaining  heterozygosis  in  a  line  for  an  exceptional 
length  of  time.  There  is  a  steadily  falling  trend  and  the  frequent 
appearance  of  low  groups  which  soon  become  extinct.  It  is  remark- 
able that  this  family,  the  most  homogeneous  genetically,  after  1916, 
having  descended  entirely  from  a  single  mating  in  the  twelfth  genera- 
tion, should  be  the  one  to  show  a  dechne  in  the  late  history  in  the 
greatest  number  of  respects.  In  fact,  it  declined  in  every  respect 
considered  except  weight  and  dechned  relatively  to  the  control  stock 
in  all  these  respects  except  Utters  per  year.  The  many  changes  in 
percentage  of  Polydactyly  may  also  be  indicative  of  delayed  segre- 
gation rather  than  mutation,  although  this  character  is  not  one  of  any 
selective  importance  in  itself.  On  the  other  hand,  family  35  is  the 
most  homozygous  of  the  famihes  with,  respect  to  white  spotting  (the 
correlation  between  parent  and  offspring  in  this  respect  was  +0.024  ± 
0.013  (15). 

Family  2  shows  a  rising  trend  (1916  to  1924)  in  every  respect  except 
litters  per  year,  and  in  that  respect  there  is  less  dechne  than  in  the 
control  stock.  Family  13  shows  a  rising  trend  in  every  respect  and 
a  more  rapid  one  than  the  control  stock  (except  in  weight,  where  the 
difference  is  insignificant).  Family  32  shows  a  rising  trend  except 
in  fitters  per  year  and  young  per  year,  and  in  the  fonuer  there  is  less 
decfine  than  in  the  control  stock.  Family  39  showed  a  decfine  in 
vigor  in  several  respects,  both  absolutely  and  relativelj^  to  the  control 
stock,  but  differs  from  the  latter  in  no  respect  to  a  significant  extent. 
There  is,  indeed,  only  one  case  of  a  significant  dechne  relative  to  the 
control  stock  since  1916,  that  of  family  35  in  size  of  litter.  There  is 
thus  very  fittle  with  respect  to  the  trends  which  delayed  homozygosis 
can  explain. 

There  is  other  evidence  than  the  cessation  of  the  decline  in  vigor 
to  indicate  that  a  close  approach  to  homozygosis  has  been  attained, 
at  least  in  families  2  and  13.  The  results  of  transplantation  of  tis- 
sues (thyroid,  pancreas,  etc.),  between  animals  of  the  same  family 
and  between  ones  of  different  families  have  been  reported  by  Loeb  and 
Wright  (11).  In  earlier  work  Loeb  {10)  showed  that  marked  hos- 
tile reaction  to  a  graft  appears  in  the  host  even  when  donor  and 
host  are  litter  mates  of  ordinary  stock  (syngenesio  transplants), 
although  not  so  marked  reactions  as  between  random  animals  (ho- 
moio  transplants).  Results  in  the  control  stock  B  were  in  close  con- 
formity to  his  past  experience  in  these  respects.  Transplantation 
between  animals  of  the  same  inbred  families  (largely  2  and  13)  on 
the  other  hand,  gave  results  approximating  those  of  autotransplants, 
even  when, there  were  many  generations  of  separate  ancestry.  The 
results  were  almost  perfectly  those  of  autotransplants  where  there 
were  more  than  1 1  generations  of  common  ancestry.  In  transplanta- 
tion between  families,  on  the  other  hand,  the  grafted  tissues  were 
rapidly  destroyed. 

Summing  up,  there  is  little  in  the  data  to  suggest  that  differential 
delay  in  attainment  of  homozygosis  is  an  important  factor  in  causing 
difference  of  trend  among  the  families.  At  most,  it  may  explain 
the  decline  in  vigor  in  certain  respects  in  family  35  and  perhaps  in 
family  39. 
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FREQUENT  MINOR  MUTATIONS 

It  is  to  be  expected  that  in  the  long  run  the  separate  branches  of 
any  inbred  strain  will  gradually  drift  apart  in  their  characters  as  the 
result  of  cumulative  effects  of  minor  mutations.  The  late  differenti- 
ations with  respect  to  Polydactyly  and  otocephaly  in  families  35  and 
13,  respectively,  have  already  been  noted.  It  is  possible  that  the 
differences  in  trend  among  the  families  with  respect  to  fecundity  and 
mortality  percentages  may  be  explained  in  this  way.  The  possi- 
bility of  dift'erent  susceptibilities  to  the  effects  of  mutation,  leading 
to  different  trends,  is  illustrated  by  the  case  of  otocephaly  in  family 
13  in  comparison  with  the  other  families.  On  the  other  hand,  the  rising 
trends  of  the  inbred  stocks  relative  to  the  control  stock,  since  1916, 
in  fecundity  and  survival  of  young  are  not  what  one  would  expect 
of  mutation. 

DIFFERENTIAL  RESPONSE  TO  ENVIRONMENT 

Inspection  of  the  annual  averages  makes  it  obvious  that  conditions 
varied  considerably  from  year  to  year.  The  feeds  used  varied  some- 
what in  the  course  of  the  period.  Better  results  were  obtained  by 
using  alfalfa  hay  (used  predominantly  in  the  later  years)  than  with 
timothy  or  mixed  timothy  and  clover  used  earlier.  In  some  of  the 
years  (1916-17)  there  was  difficulty  in  getting  an  adequate  supply  of 
green  feed  (such  as  cabbage  or  kale)  in  the  winter.  There  were 
rather  heavy  losses  of  adults  as  well  as  of  young  ones  in  certain 
winters.  The  type  of  infection  may  have  varied.  It  seems  likely 
that  animals  with  a  genetic  complex  which  made  them  superior  to 
another  strain  under  one  set  of  conditions  may  be  inferior  under 
another.  While  definite  proof  is  lacking,  the  failure  of  the  suggested 
genetic  explanation  to  account  satisfactorily  for  most  of  the  differ- 
ences in  trend,  especially  for  the  rising  trends  of  families  13,  2,  and 
to  a  less  extent,  of  family  32,  in  relation  to  the  control  stock,  makes 
it  probable  that  differential  responses  to  environmental  conditions 
among  the  families  played  an  important  part  in  bringing  about  the 
observed  differences  in  trend. 

KINDS  OF  FIXATION  OF  CHARACTERS 

A  strain  that  has  been  inbred  to  such  an  extent  that  genetic  vari- 
ability is  virtually  absent  may  show  a  number  of  grades  of  fixation  of 
its  characters  which  may  be  listed  as  follows: 

COMPLETE  FIXATION 

Quality  of  coat  color  is  an  example  from  the  present  experiments. 
In  the  early  generations,  golden  agoutis,  yellow  agoutis,  blacks,  sepias, 
and  albinos  often  segregated  out  within  the  same  litter.  Later, 
each  line  came  to  be  completely  fixed  for  one  or  another  of  these 
colors.  These  differences  are  traceable  to  well-known  Mendelian 
factors,  but  minor  differences  in  intensity  of  color,  as  yet  unanalyzed, 
also  came  to  be  distinctive.  It  was  impossible  to  confuse  the  rich, 
golden  agouti  of  family  32  with  the  duller,  golden  agouti  of  family  39, 
although  the  genetic  constitutions  were  the  same  as  far  as  known 
factors  were  concerned.  These  characters  show  no  appreciable  varia- 
tion within  a  homozygous  line. 
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FIXATION  OF  AVERAGE  GRADE 

There  are  characters  which  are  affected  by  nongenetic  factors  in 
addition  to  genetic  ones,  but  for  which  the  former  are  of  the  nature 
of  irregularities  in  development  unrelated  to  tangible,  external  con- 
ditions. For  such  characters  there  may  be  a  great  deal  of  individual 
variation,  but  family  averages  should  run  on  year  after  year  without 
change  after  homo  zygosis  is  attained.  The  various  elements  in  the 
tricolor  pattern,  percentage  of  white,  percentage  of  red,  and  the 
localization  of  these  colors  practically  come  under  this  head  m  guinea 
pigs  so  far  as  studied.  In  the  case  of  percentage  of  white,  litter 
mates  have  been  observed  which  had  respectively  about  5  per  cent 
and  100  per  cent  white,  after  more  than  20  generations  of  inbreeding. 
Substantially  all  this  variation  (from  5  to  100  per  cent  white)  has 
been  demonstrated  to  be  nongenetic  in  the  portion  of  family  35 
dealt  with  here. 

FIXATION  OF  RANKING 

At  least  one  character — weight — has  been  found  which  shows  wide 
variation,  due  to  tangible,  nongenetic  factors  which  vary  from  year  to 
year  and  cause  marked  fluctuations  in  the  family  averages,  but  to 
which  all  families  react  so  similarly  that  their  ranking  remains 
unchanged. 

FIXATION   OF   REACTIONS   TO   PARTICULAR   CONDITIONS 

Genetic  differences  have  clearly  been  fixed  which  affect  fecundity 
and  mortality  percentages,  but  it  appears  that  they  do  not  insure 
wholly  constant  ranking  as  conditions  change  from  year  to  year. 

The  practical  difficulty  of  developing  superior  strains  by  inbreeding 
is  sufficiently  great  for  characters  which  are  wholly  genetic.  They 
are  especially  great  for  the  type  discussed  here.  A  random-bred 
strain  heterozygous  in  many  respects  produces  individuals  adaptable 
to  any  one  of  a  wide  range  of  conditions.  An  inbred  strain,  carefully 
selected  for  superiority  under  particular  conditions,  is  likely  to  be 
disappointing  under  changed  conditions.  This  difficulty  is,  of  course, 
much  less  important  in  the  use  of  inbreeding  in  producing  many 
distinct  strains,  the  selected  ones  of  which  are  to  be  combined  in  a 
crossbred  stock. 

CONCLUSIONS 

After  nine  years  of  exclusive  brother-sister  mating  (about  12  gener- 
ations) five  strains  of  guinea  pigs  had  faUen  below  the  average  of  a 
control  stock  in  weight,  fecundity,  and  vitahty  of  young  and  had  also 
become  markedly  differentiated  from  one  another  in  these  respects. 
During  the  following  nine  years  there  was  no  further  dechne  of  the 
inbred  stock  as  a  group,  relative  to  the  control  stock,  indicating 
that  homozygosis  had  practically  been  attained  at  the  end  of  nine 
years,  and  that  it  was  not  disturbed  by  frequent  mutations.  Genetic 
differentiation  in  all  these  respects  was  proved  by  the  persistence  of 
differences  between  inbred  strains  through  the  second  nine-year 
period.  With  respect  to  weight,  each  strain  differed  significantly 
from  every  other  strain  in  average,  but  in  no  case  was  there  a  sig- 
nificant difference  in  trend.  The  averages  fluctuated  as  conditions 
changed  from  year  to  year  in  almost  perfect  paralleKsm.  With 
respect  to  the  other  characters  there  were,  however,  some  significant 
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and  important  differences  in  trend.  Analysis  of  the  pedigree  lines 
within  each  strain  indicates  the  occurrence  of  genetic  changes  (segre- 
gation and  mutation)  in  particular  cases  during  the  second  nine- 
year  period,  but  indicate  that  these  conditions  can  account  only  to 
a  slight  extent  for  the  observed  differential  trends.  By  elimination, 
it  appears  that  the  most  important  factor  was  differential  response 
of  the  strains  to  changed  conditions.  The  results  are  in  accord  with 
the  Mendehan  theory  of  inbreeding,  if  it  is  assumed  that  homozygosis 
fixes  the  ranking  of  inbred  strains  with  respect  to  weight,  but  merely 
their  average  reaction  to  particular  conditions  with  respect  to  fecun- 
dity and  mortality  characters.  In  these  characters,  accordingly, 
there  may  be  significant  changes  in  ranking  at  times,  although  a 
general  tendency  toward  persistence  of  ranking. 

LITERATURE  CITED 

(1)  Anonymous. 

1908.  THE  PROBABLE  ERROR  OF  A  MEAN.  By  Student.  Biometrika  6: 
1-25,  illus. 

(2)  

1925.    NEW    TABLES    FOR    TESTING    THE    SIGNIFICANCE    OF    OBSERVATIONS. 

By  Student.     Metron  5  (3):  [105J-108,  [113]-120. 

(3)  Bos,    [J.]    RiTZEMA. 

1894.    UNTERSUCHUNGEN     UBER     DIE      FOLGEN      DER     ZUCHT     IN     ENGSTER 

BLUTSVERWANDTSCHAFT.     Biol.  Centbl.  14:  75-81. 

(4)  Crampe,  [H.] 

1883.  zucht-versuche  mit  zahmen  wanderratten.  i.  resultate  der 
ZUCHT  IN  VERWANDTSCHAFT.     Laudw.  Jahrb.  12:  [389]-449. 

(5)  East,  E.   M.,  and  Jones,  D.  F. 

[1919].  INBREEDING  AND  OUTBREEDING.     285  p.,  illus.     Philadelphia  and 
London. 

(6)  Fisher,  R.  A. 

1925.  statistical    methods    for    research    workers.     239    p.,    illus. 

Edinburgh  and  London. 

(7)  guaita,  g.  von. 

1898.  versuche  mit  kreuzungen  von  verschiedenen  rassen  der 
hausmaus.     Ber.  Naturf.  Gesell.  Freiburg  10:  317-332. 

(8)  

1900.    ZWEITE      MITTHEILUNG      UBER      VERSUCHE      MIT      KREUZUNGEN     VON 

VERSCHIEDENEN  HAUSMAUSRASSEN.     Ber.   Naturf.   Gcsell.   Frei- 
burg 11:  131-138. 

(9)  King,  H.  D. 

1918-19.  STUDIES  ON  INBREEDING,  i-iv.  Jour.  Expt.  Zool.  26:  1-54, 
335-378,  illus.,  1918;  27:  1-35,  illus.,  1918;  29:  71-111,  illus., 
1919. 

(10)  LOEB,  L. 

1921.  TRANSPLANTATION  AND  INDIVIDUALITY.     Biol.  Bul.  Mar.  Biol.  Lab. 

Woods  Hole  40:  143-180,  illus. 

(11)  and  Wright,  S. 

1927.    TRANSPLANTATION    AND    INDIVIDUALITY    DIFFERENTIALS    IN    INBRED 

FAMILIES  OF  GUINEA  PIGS.     Amer.  Jour.  Path.  3:  251-283. 

(12)  Weismann,  a. 

1904.  the  EVOLUTION  THEORY.  Translated  by  J.  A.  Thomson  and  M.  R. 
Thomson.     2  v.,  illus.     London. 

(13)  Wright,  S. 

1922.  the  EFFECTS  OF  INBREEDING  AND  CROSSBREEDING  ON  GUINEA  PIGS. 

i-ii.     U.  S.  Dept.  Agr.  Bul.  1090,  63  p.,  illus. 

(14)  

1922.    THE  EFFECTS  OF  INBREEDING  AND  CROSSBREEDING  ON  GUINEA  PIGS. 

III.     U.  S.  Dept.  Agr.  Bul.  1121,  61  p.,  illus. 

(15)  

1926.  EFFECTS   OF  AGE   OF   PARENTS   ON   CHARACTERISTICS  OF  THE   GUINEA 

PIG.     Amer.  Nat.  60:  552-559. 


INBREEDING  OF  GUINEA  PIGS 


31 


APPENDIX 

Table  1. — Grand  averages  and  trends  {regressions  per  year)  for  various  characters 
of  the  control  (stock  B)  and  inbred  stocks,  1916-1924,  calculated  from  the  nine 
unioeighted  annual  averages 


Stock 


Size  of  litter 


Average      Trend 


Litters  per  year 


Average      Trend 


Young  per  year 


Average      Trend 


Born  alive 


Average      Trend 


Stock  B.-- 
Family  2_  _ 
Family  13  _ 
Fmaily  32. 
Family  35. 
Family  39. 
Inbred 


2.749 
2.373 
2.646 
2.161 
2.428 
2.558 


+0.035 
+.053 
+.056 
+.005 
-.016 
+.088 
+.037 


3.614 
3.711 
3.629 
3.207 
3.563 
2.518 


-0.  071 
-.027 
+.139 
-.055 
-.052 
-.131 
-.025 


-0.058 


8.794 
9.677 
6.924 
8.678 
6.408 


124 
555 
102 
179 
103 


Per  cent 
83.29 
79.82 
72.49 
82.46 
77.19 
76.59 


Per  cent 
-0.11 
+1.90 
+0.30 
+0.99 
-0.99 
-2.13 
-0.01 


Stock 


Raised  of  those 
bom  alive 


Average 


Trend 


Raised 


Average 


Trend 


Raised  per  year 


Average 


Trend 


Birth  weight 


Average 


Trend 


Stock  B... 
Family  2.. 
Family  13. 
Family  32. 
Family  35. 
Family  39. 
Inbred 


Per  cent 
80.76 
81.87 
73.46 
71.20 
77.28 
64.16 


Per  cent 
-0.30 
+1.97 
+0.75 
+1.68 
-0.38 
+0.19 
+0.84 


Per  cent 
67.22 
65.71 
53.40 
58.98 
59.  76 
49.50 


Per  cent 
-0.33 
+3.06 
+0.74 
+2.03 
-1.05 
-1.27 
+0.70 


5.819 
5.229 
4.112 
5.226 
3.210 


+.343 

+.352 
+.078 
-.170 
-.137 
+.093 


Grams 
86.74 
71.61 
84.90 
79.79 
81.91 
76.30 


Grams 
+2.38 
+1.37 
+1.72 
+1.13 
+1.65 
+2.01 
+1.58 


Stock 


Stock  B... 
Family  2.. 
Family  13. 
Family  32. 
Family  35. 
Family  39. 
Inbred 


Gain  per  day 
(0  to  33  days) 


Aver- 


Grams 
4.561 
3.130 
4.538 
3.899 
4.298 
3.828 


Trend 


Grams 
+0. 146 
+.091 
+.146 
+.112 
+.106 
+.114 
+.114 


Weight  at  33 
days 


Aver- 


Grams 
237.24 
174. 89 
234.64 
208.46 
223.64 
202.61 


Trend 


Grams 
+7.21 
+4.36 
+6.55 
+4.83 
+5.16 
+5.77 
+5.33 


Weight  at  33 

days 
(logarithms) 


Aver- 


2. 3734 
2.2413 
2.3684 
2. 3181 
2.3484 
2.3050 


Trend 


+0. 0136 
+.0111 
+.0127 
+. 0102 
+.  0101 
+.  0125 
+.0113 


Born  alive 
(index) 


Aver- 


Per  cent 
86.31 
79.17 
78.88 
83.10 
78.81 
80.17 


Trend 


Per  cent 
+0.34 
+1.75 
+0.51 
+0.84 
-1.28 
-0.94 
+0.18 


Raised  of  those 

born  alive 

(index) 


Aver- 
age 


Per  cent 
83.84 
82.36 
76.27 
71.79 
76.42 


Trend 


Per  cent 
+0.01 

+1.97 
+1.28 
+1.52 
-0.22 
+0.11 
+0.93 
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Table  2. — Average  differences  between  the  control  stock  and  the  five  inhred  families, 
and  between  each  pair  of  the  latter  with  the  probability  that  each  difference  might 
be  excelled  {in  either  direction)  by  random  sampling 

(Annual  averages,  1916-1924,  treated  as  units,  no  allowance  for  trend) 


Stocks  com- 
pared 

33-day  weight  (log- 
arithmic scale) 

Litter  size 

Litters  per 
mating  per  year 

Percentage 
born  alive 

Percentage 

raised  of  those 

born  alive 

A 

Proba- 
bility 

A 

Proba- 
bility 

A 

Proba- 
bility 

A 

Proba- 
bility 

A 

Proba- 
bility 

B-2 

+0. 132 
+.005 
+.055 
+.025 
+.068 
-.127 
-.077 
-.107 
-.064 
+.050 
+.020 
+.063 
-.030 
+.014 
+.043 

0.000000 
.28 

.000000 
.001 
.000000 
.000000 
.000000 
.000000 
.00002 
.0001 
.014 
.000002 
.00007 
.043 
.00004 

+0.38 
+.10 
+.59 
+.32 
+.19 
-.27 
+.21 
-.06 
-.19 
+.48 
+.22 
+.09 
-.27 
-.40 
-.13 

0.00002 
.016 
.00002 
.001 
.065 
.0002 
.007 
.49 
.017 
.0002 
.033 
.31 
.0008 
.004 
.29 

-0. 10 
-.01 
+.41 
+.05 

+1.10 
+.08 
+.50 
+.15 

+1.19 
+.42 
+.07 

+1.11 
-.36 
+.69 

+1.05 

0.43 
.85 
.006 
.73 
.0008 
.62 
.0001 
.052 
.0004 
.058 
.73 
.018 
.009 
.003 
.002 

+3.5 

+10.8 

+.8 

+6.1 

+6.7 

+7.3 

-2.6 

+2.6 

+3.2 

-10.0 

-4.7 

-4.1 

+5.3 

+5.9 

+.6 

0.22 
.0008 
.70 
.014 
.063 
.007 
.21 
.45 
.48 
.003 
.16 
.33 
.04 
.11 
.80 

-LI 
+7.3 
+9.6 
+3.5 

+16.6 
+8.4 

+10.7 
+4.6 

+17.7 
+2.3 
-3.8 
+9.3 
-6.1 
+7.0 

+13.1 

0.64 
.004 
017 

B-13 

B-32 

B-35 

16 

B-89 

002 

2-13 

002 

2-32 

001 

2-35 

15 

2-39 

0006 

13-32 

49 

13-35 

20 

13-39 

026 

32-35 

084 

32-39  

034 

35-39 

0004 

Percentage 

Young  per 

Young  raised  per 

Percentage 
born  alive 

Percentage 
raised  of  those 

raised  to  33  days 

mating  per  year 

mating  per  year 

born  alive 

Stocks  com- 

/ 

(index) 

pared 

A 

Proba- 

A 

Proba- 

A 

Proba- 

A 

Proba- 

A 

Proba- 

bility 

bility 

bility 

bility 

bility 

B-2 

+1.5 

0.67 

+1.10 

0.034 

+0.86 

0.088 

+7.1 

0.026 

+1.5 

0.50 

B-13 

+13.8 

.00006 

+.22 

.76 

+1.45 

.020 

+7.4 

.029 

+7.6 

.003 

B-32 

+8.2 

.042 

+2.97 

.00000 

+2.57 

.000000 

+3.2 

.17 

+12.1 

.001 

B-35 

+7.5 

.024 

+1.22 

.026 

+1.45 

.002 

+7.5 

.011 

+7.4 

.006 

B-39 

+17.7 

.002 

+3.49 

.001 

+3.47 

.000000 

+6.1 

.060 

+17.6 

.002 

2-13 

+12.3 

.0008 

-.88 

.85 

+.59 

.004 

+.3 

.89 

+6.1 

.0006 

2-32 

+6.7 

.038 

+1.87 

.0001 

+L71 

.0004 

-3.9 

.10 

+10.6 

.0008 

2-35.- 

+6.0 

.22 

+■  12 

.76 

+.59 

.29 

+.4 

.92 

+5.9 

.043 

2-39 

+16.2 

.012 

+2.39 

.003 

+2.61 

.0006 

-LO 

.74 

+16.1 

.002 

13-32 

-5.6 

.062 

+2.75 

.004 

+1.12 

.010 

-4.2 

.082 

+4.5 

.087 

13-35 

-6.4 

.076 

+1.00 

.21 

+.003 

.99 

+.1 

.99 

_  2 

.95 

13-39 

+3.9 

.33 

+3.27 

.007 

+2.02 

.002 

-L3 

.51 

+10.0 

.020 

32-35 

-.8 

.83 

-1.76 

.0008 

-1.11 

.012 

+4.3 

.11 

-4.6 

.15 

32-39 .- 

+9.6 

.034 

+.52 

.30 

+.90 

.020 

+2.9 

.25 

+5.5 

.15 

35-39 

+10.3 

.0046 

+2.27 

.010 

+2.02 

.0006 

-L4 

.61 

+10.1 

.004 

Table   3. — Probabilities   that   average   differences,    1916-1924,    might   be  exceeded 
{in  either  direction)    by  random  sampling,   allowing  for  differences  in  trend 


Stocks 
com- 
pared 

33-day 
weight 
(logarith- 
mic scale) 

Litter 
size 

Litters 
per 

mat- 
ing 
per 

year 

Per- 
centage 
born 
alive 

Per- 
centage 
raised 

of 
those 
born 
alive 

Percent- 
age 
raised 
to  33 
days 

Young 

per 
matmg 
per  year 

Young 
raised 

per 
matmg 
per  year 

Per- 
centage 
born 
alive 
(index) 

Per- 
centage 
raised 

of 
those 
born 
alive 
(index) 

B-2 

0.000000 

0.00004 

0.43 

0.12 

0.30 

0.36 

0.038 

0.011 

0.022 

0.26 

B-13.... 

.30 

.010 

.93 

.002 

.003 

.00006 

.64 

.004 

.036 

.002 

B-32..._ 

.000000 

.000000 

.010 

.68 

.012 

.022 

.0001 

.000000 

.19 

.001 

B-35.... 

.0004 

.0004 

.75 

.015 

.20 

.032 

.034 

.004 

.005 

.009 

B-39.... 

.000000 

.049 

.001 

.040 

.003 

.003 

.003 

.000000 

.048 

.004 

2-13 

.000000 

.0(X)04 

.20 

.002 

.0008 

.000000 

.69 

.008 

.86 

.0004 

2-32 

.000000 

.001 

.0002 

.21 

.002 

.042 

.000000 

.000000 

.10 

.002 

2-36 

.000000 

.27 

.058 

.25 

.060 

.058 

.67 

.046 

.87 

.007 

2-39 

.00004 

.013 

.0006 

.24 

.0006 

.002 

.004 

.000000 

.69 

.002 

13-32.... 

.0003 

.0001 

.001 

.005 

.61 

.  056 

.0001 

.002 

.10 

.11 

13-35.... 

.016 

.006 

.35 

.18 

.20 

.060 

.021 

.99 

.99 

.94 

13-39.... 

.000000 

.32 

.001 

.28 

.038 

.30 

.002 

.000000 

.39 

.025 

32-35.... 

.0002 

.001 

.014 

.004 

.052 

.75 

.002 

.005 

.020 

.11 

32-39.... 

.046 

.0008 

.003 

.013 

.028 

.004 

.34 

.005 

.15 

.15 

35-39.... 

.00008 

.094 

.002 

.79 

.0006 

.008 

.015 

.0008 

.63 

.008 
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Table  4. — Average  differences  in  trend  between  the  control  stock  and  the  five  inbred 
families  and  between  each  pair  of  the  latter  with  the  probability  that  each  might 
be  excelled  {in  either  direction)  by  random  sampling 


(Annual  averages,  191&-1924  treated  as  units) 


Stocks  compared 


33-day  weight 

(logarithmic 

scale) 


Proba- 
bility 


Litter  size 


Proba- 
bUity 


Litters 

per  mating 

per  year 


Proba- 
bility 


Percentage 
born  alive 


Proba- 
bUity 


Percentage 

raised  of  those 

born  alive 


Proba- 
bility 


B-2 

B-13 

B-32 

B-35 

B-39 

2-13 

2-33 

2-35 

2-39 

13-32 

13-35 

13-39 - 

32-35 

32-39 

35-39 


+0. 0025 
+.0009 
+.0034 
+.0035 
+.0011 
-.0016 
+.0008 
+.0009 
-.0015 
+.0025 
+.0026 
+.0002 
+.0001 
-.0023 
-.0024 


0.17 
.61 
.064 
.062 
.61 
.56 
.65 
.45 
.61 
.43 
.33 
.94 
.95 
.31 


-0.02 
-.02 
+.03 
+.05 
-.05 
-.003 
+.05 
+.07 
-.04 
+.05 
+.07 
-.03 
+.02 
-.08 
-.10 


0.29 
.11 
.22 
.034 
.13 
.86 
.02 
.007 
.16 
.07 
.013 
.35 
.33 
.019 
.005 


-0.04 
-.21 
+.02 
-.02 
+.06 
-.17 
+.03 
+.03 
+.10 
+.19 
+.19 
+-27 
-.003 
+.08 
+.08 


0.36 
.011 
.74 
.75 
.49 
.0002 
.34 
.35 
.21 
.0004 
.0002 
.012 
.95 
.26 
.40 


-2.0 
-.4 
-1.1 
+.9 
+2.0 
+1.6 
+  .9 
+2.9 
+4.0 
-.7 
+L3 
+2.4 
+2.0 
+3.1 
+1.1 


0.032 
64 
.19 
.27 
.09 
.032 
.26 
.009 
.004 
.50 
.30 
.12 
.005 
.003 
.23 


0.0006 
.15 
.11 
.94 
.75 
.076 
.74 
.020 
.18 
.48 
.33 
.60 
.082 
.18 
.53 


Stocks  com- 
pared 

Percentage 
raised  to 
33  days 

Young  per 

mating  per 

year 

Young  raised  per 
mating  per  year 

Percentage 

born  alive 
(index) 

Percentage 

raised  of  those 

bom  alive 

(index) 

A 

Proba- 
bility 

A 

Proba- 
bUity 

^ 

Proba- 
bUity 

A 

Proba- 
bility 

A 

Proba- 
bility 

B-2 

-3.4 
-1.1 
-2.4 
+.7 
+.9 
+2.3 
+1.0 
+4.1 

t\l 

+1.8 
+2.0 
+3.1 
+3.3 
+.2 

0.0008 
.12 
.068 
.53 
.56 
.0008 
.36 
.005 
.012 
.22 
.15 
.18 
.010 
.007 
.85 

-0.18 
-.61 
+.01 
+.12 
+.05 
-.43 
+.23 
+.30 
+.23 
+.66 
+.73 
+.66 
+.08 
+.001 
-.08 

0.31 
."010 
.76 
.52 
.89 
.002 
.016 
.071 
.34 
.001 
.0008 
.13 
.85 
.99 
.79 

-0.41 
-.42 
-.15 
+.10 
+.07 
-.01 
+.27 
--.51 
+.48 
+.27 
+.52 
+.49 
+.25 
+.22 
-.03 

0.004 
.015 
.039 
.46 
.61 
.89 
.005 
.001 
.0002 
.018 
.003 
.00006 
.054 
.070 
.83 

-1.4 

-.2 

-.5 

+L6 

+L3 

+1.2 

+.9 

+3.0 

+2.7 

-.3 

+1.8 

+1.5 

+2.1 

+L8 

-.3 

0.18 
.89 
.58 
.060 
.24 
.082 
.29 
.007 
.006 
.71 
.17 
.051 
.007 
.039 
.76 

-2.0 

-1.3 

-1.5 

+.2 

-.1 

+.7 

+.5 

+2.2 

+1.9 

-.2 

+1.5 

+1.2 

+1.7 

+1.4 

-.3 

0.003 

B-13.. 

B-32 

.072 

12 

B-35 

.79 

B-39 

95 

2-13 

.10 

2-32 

60 

2-35 

008 

2-39.. 

.20 

13-32 

13-35 

.98 
.084 

13-39 

.27 

32-35 

13 

32-39 

35-39.. 

.34 
.76 

Table  5. — Data  on  the  fecundity  of  the  control  and  inbred  stocks,  1916- 


Number  of  litters  of  specified  size 

Mat- 
ing 
years 

Lit- 
ters 

Young 

Aver- 
age 
size 
of 
lit- 
ters 

Aver- 
age 
lit- 
ters 
per 
year 

Aver- 
age 
young 
per 

year 

Aver- 
age 

Stock 

1 

2 

3 

4 

6 

6 

7 

8 

9 

per 
year 

B 

159 
166 
141 
195 
155 
61 

322 

438 
324 
287 
284 
129 

367 
348 
325 
194 
269 
122 

189 
106 
172 
54 
94 
49 

51 
9 

48 
3 

18 

11 

11 

1 

2 
4 

2 
0 
1 
0 
0 
0 

0 
0 
0 
0 
0 
0 

1 
0 
0 
0 
0 
0 

No. 
304.9 
288.7 
274.5 
230.4 
228.4 
151.9 

No. 

1,107 

1,067 

1,022 

734 

822 

376 

No. 
3,034 

2,555 
2,765 
1,588 
2.008 
960 

No. 
2.74 
2.39 
2.71 
2.16 
2.44 
2.55 

No. 
3.63 
3.70 
3.72 
3.19 
3.61 
2.48 

No. 
9.95 
8.85 
10.07 
6.89 
8.79 
6.32 

No. 
6  74 

Family  2 

Family  13 

Family  32 

'Family  35 

Family  39 

5.98 
5.49 
4.23 
5.43 
3.12 

1  Tables  5  to  12  show  the  records  of  the  control  and  inbred  stocks  for  the  entire  i)eriod,  1916-1924,  with 
especial  regard  to  the  effects  of  size  of  litter  on  the  various  characters.  The  "1:3:3:1  index"  is  obtained 
by  weighting  litters  of  1,  2,  3,  and  4  in  this  ratio.  The  "corrected  average"  is  obtained  by  the  regression 
method  described  in  the  text,  intended  to  adjust  the  averages  to  a  uniform  litter  size  of  2.50.  The  averages 
do  not  agree  exactly  with  the  corresponding  ones  in  Table  2  because  the  latter  are  averages  of  the  unweighted 
annual  averages. 
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Table  6. — Percentage  of  guinea  pigs  horn  alive 


Percentage  born  alive  in  litters  of  specified  size 

Average 
percent- 
age of 
guinea 
pigs 
born 
alive 

1:3:3:1 
index 
(per 
cent) 

Stock 

1 

2 

3 

4 

5 

6 

7 

8 

9 

B 

81.1 
67.5 
85.1 
83.6 
67.7 
85.2 

89.9 
82.0 
82.3 
90.8 
86.1 
82.9 

86.8 
83.0 
79.3 
80.8 
80.2 
84.2 

80.0 
80.0 
65.0 

72.7 
68.9 
57.1 

80.8 
57.8 
52.5 
40.0 
65.6 
65.5 

61.5 

0.0 

0.0 

83.5 
80.7 
73.4 
83.3 
78.0 
76.4 

86.6 

Family  2 

80.3 

Family  13 

36.4 
100.0 
66.7 
45.8 

85.7 

79  4 

Family  32 

83.9 

Family  35 

79.4 

Family  39 

80.4 

Table  7. — Percentage  of  the  young  horn  alive  raised  to  33  days 


Stock 

Percentage  born  alive  in  litters  of  specified  size 

Average 
percent- 
age raised 

1:3:3:1 

index 

(per  cent) 

1 

2 

3 

4 

5 

6 

7 

8 

9 

B               

83.7 
83.0 
78.3 
78.5 
76.2 
65.4 

86.5 
85.1 
81.6 
75.6 
78.1 
72.0 

84.4 
84.9 
77.5 
75.7 
81.9 
67.5 

77.7 
79.6 
65.5 
56.7 
79.2 
52.7 

67.5 
57.7 
59.5 
66.7 
59.3 
52.8 

49.2 

81.1 
83.7 
74.3 
73.6 

79.1 
64.7 

84.4 

Family  2 

84.1 

Family  13.'. 

33.3 

50.0 

100.0 

0.0 

66.7 

77.6 

Family  32                     

73.6 

Family  35 

79.4 

Family  39 

67.1 

Table  8. — Percentage  of  all  young  horn,  dead  or  alive,  raised  to  33  days 


Stock 

Percentage  raised  in  litters  of  specified  size 

Average 
percent- 
age raised 

1:3:3:1 

index 

(per  cent) 

1 

2 

3 

4 

5 

6 

7 

8 

9 

B                      

67.9 
56.0 
66.6 
65.6 
51.6 
55.7 

77.8 
69.8 
67.2 
68.6 
67.3 
59.7 

73.3 

70.5 
61.5 
61.2 
65.7 
56.8 

62.2 
63.7 
42.6 
41.2 
54.5 
30.1 

54.5 
33.4 
3L2 
26.7 
38.9 
34.6 

30.3 

0.0 

0.0 

67.7 
67.5 
54.5 
61.3 
61.8 
49.4 

73.0 

67.5 

Family  13 

12.1 
50.0 
66.7 
0.0 

57.1 

6L9 

Family  32 

62.0 

Family  35 

63.1 

Family  39 

54,4 

Table  9. — Birth  weight  of  young  raised  to  33  days 

(The  regressions  of  the  logarithms  on  size  of  litter  are  given.    The  value  —0.060  was  used  for  all  in  obtaining 

the  corrected  averages) 


Birth  weight  of  young  in  litters  of  specified  size 

Aver- 
age 
birth 

1:3:3:1 
index 

Cor- 
rected 
aver- 
age 

Regres- 
sion 

Stock 

1 

2 

3 

4 

5 

6 

7 

8 

9 

loga- 
rithmic 
weight 

B 

Gms. 
116.3 

95.1 
117.7 
105.5 
107.0 

91.0 

0ms. 
94.8 
79.6 
95.3 
89.5 
92.5 
80.6 

0ms. 
80.0 
69.3 
80.8 
75.4 
79.2 
72.8 

0ms. 
72.3 
62.9 
70.6 
67.6 
66.7 
64.7 

0ms. 
65.0 
60.5 
66.2 
62.0 
6L5 
60.8 

0ms. 
57.3 

Ov^s. 

0ms. 

0ms. 

0ms. 

82.4 
73.3 
84.4 
84.2 
82.4 
75.2 

0ms. 
89.1 
75.6 
89.6 
83.5 
86.1 
77.2 

0ms. 

85.2 
72.2 
86.8 
80.3 
81.7 
75.7 

-0.059 

Family  2... 
Family  13.. 
Family  32.. 
Family  35.  . 
Family  39.. 

-.056 

62.0 
64.5 
55.8 

59.5 

-.062 
-.066 
-.065 
-.048 
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Table  10. — Birth  weight  of  all  young  born,  dead  or  alive 


Birth  weight  of  young  in  litters  of  specified  size 

Aver- 
age 
birth 
weight 

1:3:3:1 

Stock 

1 

2 

3 

4 

5 

6 

7 

8 

9 

index 

B 

Grams 
110.1 
87.6 
110.4 
101.4 
97.9 
87.8 

Grams 
91.1 
75.6 
88.6 
86.2 
90.1 
75.2 

Grams 
76.8 
65.4 
75.0 
71.7 
75.3 
67.8 

Grams 
66.9 

Grams 
58.9 

Grams 
52.5 

Grams 
39.5 

Grams 

Grams 
24.5 

Grams 
76.5 
68.9 
74.7 
79.0 
77.8 
67.2 

Grams 
86.1 

Family  2--. 
Family  13.. 
Family  .32. . 
Family  35. . 
Family  39.. 

58.2         50.7 

71.1 

63.1 
61.6 
62.7 
65.1 

55.2 
63.8 
65.1 
54.7 

49.8 
59.5 
52.0 
47.0 

68.8 

83.0 

79.6 

82.1 

71.5 

i 

Table   11. — Average  daily  gain  between  birth  and  weaning  {33  days) 


Stock 

Average  daily  gain  in  litters  of  specified  size 

Aver- 

d?Uy 
gain 

1:3:3:1 

Cor- 
rected 

1 

2 

3 

4 

5 

6 

7 

8 

9 

index 

aver- 
age 

B 

Grams 
6.86 
3.58 
5.51 
4.51 
5.16 
4.26 

Grams 
5.12 
3.50 
5.11 
4.50 
4.76 
4.15 

Grams 
4.20 
3.11 
4.42 
3.74 
4.30 
3.50 

Grams 
3.89 
2.80 
4.03 
3.59 
3.70 
3.38 

Grams 
3.62 

2.82 
3.62 
3.71 
3.37 
3.45 

Grams 
3.63 

Grams 

Grams 

Grams 

Grams 
4.38 
3.22 
4.58 
4.14 
4.37 
3.75 

Grams 
4.71 
3.28 
4.77 
4.10 
4.50 
3.84 

Grams 
4.49 

Family  2 

Family  13 

:::::::::::: 

3.18 

4.70 
4.39 
3.75 

4.09 



4.67 

Family  32 

Family  35  .  .  . 

4.00 

4.34 

Family  39 

3.77 

Table  12. — Average  weight  per  pig  at  33  days 

The  regressions  of  the  logarithms  on  size  of  litter  are  given.    The  value  —0.050,  was  used  for  all  in  obtaining 

the  corrected  averages) 


Average  weaning  weight  in  litters  of  specified  size 

Aver- 
age 

wean- 
ing 

weight 

1:3:3:1 
index 

Cor- 
rected 
aver- 
age 

Regres- 
sion 

Stock 

1 

2 

3 

4 

5 

6 

7 

8 

9 

loga- 
rithmic 
weight 

B... 

Gms. 
309.8 

Gms. 
Sfi.-?.  6 

Gms. 
218.5 
171.8 
226.8 
198.8 
221.1 
188.3 

Gms. 
200.6 
155.4 
203.6 
186.1 
188.7 
176.3 

Gms. 
181.0 
153.5 
186. 6 
184.5 
172.7 
174.8 

Gms. 
177.1 

Gms. 

Gms. 

Gms. 

Gms. 
237.  i 
179.5 
235.4 
220.7 
226.5 
198.8 

Gms. 
244.6 
183.6 
246.9 
218.8 
234.7 
203.1 

Gms. 
233.6 
177.2 
241.0 
212.3 
224.9 
200.0 

Gms. 
-0.066 

Family  2 

213.4  195.0 

299.5  264.0 
254.3    237.9 
276.8    249.5 
231.  3i  217.4 

-.048 

FamUy  13... 

217.0 
209.5 
179.5 

194.5 

-.051 

Family  32... 

-.051 

Family  35... 

-.053 

Family  39... 

-.041 

Table  13. — Factors  for  reducing  mean  birth  weight  to  litter  size  of  2.5,  based  on 
regressions  of  —0.06  in  logarithmic  weight 


Average  litter  size 


Factors  reducing  mean  birth  weight  in  litters  of  specified  size 


6 

7 

8 

0.928 

0.929 

0.931 

.941 

.942 

.944 

.954 

.955 

.957 

.967 

.969 

.970 

.981 

.982 

.984 

.994 

.996 

.997 

1.008 

1.010 

1.011 

1.022 

L074 

1.025 

L037 

L038 

1.039 

1.0.51 

1.  052 

1.054 

1.066 

1.067 

1.069 

1.080 

1.082 

L083 

1.095 

L097 

1.099 

1.111 

1.112 

1.114 

L126 

L128 

1.129 

2.0- 
2.1. 
2.2. 
2.3. 
2.4. 
2.5. 
2.6. 
2.7. 
2.8- 
2.9- 
3.0- 
3.1. 
3.2- 
3.3. 


0.920 
.933 
.94Q 
.959 
.973 
.986 
1.000 
L014 
L028 
1.042 
1.057 
L072 
1.086 
1.102 
1.117 


0.922 
.935 
.948 
.961 
.974 
.988 
1.001 
1.015 
L029 
1.044 
1.058 
1.073 
1.088 
L103 
1.118 


0.923 
.936 
.949 
.962 
.975 
.989 
L003 
1.017 
1.031 
L045 
1.060 
1.074 
1.089 
L105 
L120 


0.924 
.937 
.950 
.963 
.977 
.990 
1.004 
1.018 
1.032 
1.047 
1.061 
L076 
1.091 
1.106 
L021 


0.926 
.939 
.952 
.965 
.978 


006 


0.927 
.940 
.953 
.966 
.979 
.993 
1.007 
1.021 
L035 
LftW 
1.064 
1.079 
1.094 
1.109 
1.125 


0.932 
.945 
.958 
.971 
.985 
.999 
1.013 
L027 
1.041 
L055 
1.070 
L085 
1.100 
1.115 
1.131 
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Table   14. — Factors  for  reducing  mean  weight  at  33  days  to  litter  of  2.5,  based  on 
regression  of  —0.05  in  logarithmic  weight 


Average  litter  size 

Factors  for  reducing 

mean  weight  in  litters  of  specified 

size 

0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

1.9 

0.933 
.944 
.955 
.966 
.977 
.989 
1.000 
1.012 
1.023 
1.035 
1.047 
1.059 
1.072 
1.084 
1.096 

0.934 
.945 
.956 
.967 
.978 
.990 
1.001 
1.013 
1.024 
1.036 
1.048 
1.060 
1.073 
1.085 
1.098 

0.935 
.946 
.957 
.968 
.979 
.991 
1.002 
1.014 
1.026 
1.038 
1.050 
1.062 
1.074 
1.086 
1.099 

0.936 
.947 
.958 
.969 
.981 
.992 
1.003 
1.015 
1.027 
1.039 
1.  051 
1.063 
1.075 
1.088 
1.100 

0.938 
.948 
.959 
.971 
.982 
.993 
1.005 
1.016 
1.028 
1.040 
1.  052 
1.064 
1.076 
1.089 
1.102 

0.939 
.950 
.961 
.972 
.983 
.994 
1.006 
1.017 
1.029 
1.041 
1.  063 
1.  065 
1.078 
1.090 
1.103 

0.940 
.951 
.962 
.973 
.984 
.995 
1.007 
1.019 
1.030 
1.042 
1.  054 
1.067 
1.  079 
1.091 
1.104 

0.941 
.952 
.963 
.974 
.985 
.997 
1.008 
1.020 
1.032 
1.044 
1.056 
1.068 
1.080 
1.093 
1.105 

0.942 
.953 
.964 
.975 
.986 
.998 
1.009 
1.021 
1.033 
1.045 
1.  057 
1.069 
1.081 
1.094 
1.107 

0.943 
.954 
.965 
.976 
987 

2.0 

2.1. 

2.2 

2.3 

2.4 

.999 
1.010 
1  022 

2.5 

2.6 

2.7 

1.034 
1  046 

2.8 

2.9 

1  058 

3.0 

3.1 

1.070 
1  083 

3.2 

1  095 

3.3 

1.108 

Table  15. — Number  of  young  born  in  the  control  and  inbred  stocks  during  each 
year  from  1916  to  1924  o,nd  also  the  numbers  in  the  two  earlier  periods,  1906- 
1910  and  1911-1915 


Year 

Number  of  young  in  stock — 

B 

2 

13 

32 

35 

39 

1906-1910                                         

313 
589 
260 
189 
218 
331 
308 
300 
220 
324 
405 

711 
966 
246 
130 
105 
259 
344 
387 
245 
495 
554 

1,034 
656 
151 
98 
93 
146 
239 
213 
158 
205 
285 

431 
912 
113 
118 
183 
258 
420 
338 
156 
223 
199 

133 

1911-1915 

2,071 
455 
414 
316 
374 
465 
289 
194 
268 
259 

802 

1916    ..- .-. 

179 

1917 

86 

1918 

45 

1919 

72 

1920 

116 

1921 

234 

1922 

79 

1923 

59 

1924 

90 

Table  16. — The  average  size  of  litter  in  the  control  and  inbred  stocks  in  the  two 
periods  1906-1910  and  1911-1915,  and  by  years  frorn  1916  to  1924 


Year 

Average  size  of  litter  in  stock — 

B 

2 

13 

32 

35 

39 

1906-1910                             

2.63 
2.39 
2.24 
2.20 
2.12 
2.43 
2.35 
2.48 
2.32 
2.55 
2.66 

3.08 
2.76 
2.36 
2.41 
2.39 
2.85 
2.82 
2.73 
2.58 
2.89 
2.78 

2.82 
2.39 
2.19 
2.0<) 
2.21 
2.25 
2.15 
1.99 
2.  05 
■    2.18 
2.34 

2.80 
2.81 
2.63 
2.31 
2.41 
2.37 
2.66 
2.41 
2.29 
2.37 
2.40 

2  51 

1911-1915 

3.03 
2.68 
2.60 
2.43 
2.90 
2.94 
2.70 
2.66 
2.98 
2.85 

2  70 

1916- 

2.39 

1917 

2.21 

1918 

2.37 

1919- 

2.40 

1920 

2  52 

1921 

2.82 

1922 

2.26 

1923.. 

2.95 

1924 

3.10 
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Table  17. — The  avciage  number  of  litters  per  mating  per  year  in  the  control  and 
inbred  stocks  in  the  two  periods,  1906-1910  and  1911-1915,  and  by  years  from 
1916  to  1924 


Year 

Average  number  of  litters  in  stock— 

B 

2 

13 

32 

35 

39 

1906-1010 

3.15 
3.80 
3.71 
3.66 
3.58 
3.80 
4.21 
3.98 
3.63 
3.42 
3.41 

4.07 
3.48 
3.07 
3.07 
2.89 
3.79 
3.94 
4.19 
3.85 
3.94 
3.92 

4.25 
3.47 
3.40 
3.31 
2.90 
3.48 
3.75 
3.45 
2.76 
2.70 
3.11 

3.99 
3.73 
3.87 
3.25 
3.55 
3.68 
4.00 
3.85 
3.37 
3.49 
3.00 

4.57 

1911-1915                     

3.67 
3.59 
3.79 
3.80 
3.75 
4.59 
3.25 
3.13 
3.18 
3.45 

3.41 

1916                                                           

2.93 

1917 

2.79 

1918                   -. 

2.88 

1919 ^ 

19''0 

2.97 
2.57 

1921                                    

2.95 

1922 

1.54 

1923 

1.21 

1924                                

2.82 

Table  18. — The  average  number  of  young  per  mating  per  year  in  the  control  and 
inbred  stocks  in  the  two  periods  1906-1910  and  1911-1915,  and  by  years  from 
1916  to  1924 


Year     . 

Average  number  of  young  in 

stock— 

B 

2 

13 

32 

35 

39 

1906-1910 

8.28 
9.10 
8.31 
8.(M 
7.57 
9.25 
9.90 
9.87 
8.40 
8.73 
9.08 

12.52 
9.59 
7.26 
7.39 
6.91 
10.79 
11.09 
11.42 
9.92 
11.41 
10.90 

11.98 
8.31 
7.44 
6.90 
6.41 
7.81 
8.07 
6.87 
5.66 
5.89 
7.27 

11.17 
10.48 
10.18 
7.62 
8.55 
8.72 
10.63 
9.28 
7.72 
8.29 
7.21 

11.47 

1911-1915                                             -          

11.13 
9.62 
9.86 
8.83 
10.87 
13.52 
8.78 
8.33 
9.47 
9.81 

9.22 

1916 

6  99 

1917 

6.14 

1918 

6.82 

1919 

7.13 

1920     

6.48 

1921 

8  33 

1922. 

3.46 

1923 

3.58 

1924 

8.74 

Table  19. — The  percentage  bom  alive  in  the  control  and  inbred  stocks  in  the  two 
periods,  1906-1910  and  1911-1915,  and  by  years  from  1916  to  1924 


•Year 

Percentage  born  alive  in  stock— 

B 

2 

13 

32 

35 

39 

1906-1910 

82.7 
84.4 
67.7 
70.4 
82.1 
80.1 
85.4 
82.7 
79.5 
83.3 
87.2 

86.9 
87.6 
69.5 
69.2 
76.2 
76.1 
72.1 
76.7 
61:2 
72.7 
78.7 

86.9 
83.5 
72.8 
77.6 
77.4 
87.7 
90.0 
90.6 
81.0 
86.8 
78.2 

84.5 
82.5 
77.0 
79.7 
77.6 
77.9 
83.1 
81.4 
77.6 
77.6 
62.8 

8a5 

1911-1915 

87.0 
84.2 
84.1 
78.8 
88.0 
82.2 
83.4 
83.5 
83.6 
81.8 

88  5 

1916 

74.8 

1917.-. 

79.1 

1918 

80.0 

1919 

93.0 

1920 

85.3 

1921. 

75.6 

1922 

75.9 

1923 

67.8 

1924 

57.8 
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Table  20, — The  percentage  raised  of  the  young  horn  alive  in  the  control  and  inbred 
stocks  in  the  two  periods  1906-1910  and  1911-1915,  and  by  years  from  1916 
to  1924 


Year 

Percentage  raised  in  stock— 

B 

2 

13 

32 

35 

39 

1906-1910 

Per  cent 

Per  cent 
89.2 

87.7 
71.6 
72.9 
80.4 
86.8 
85.2 
82.7 
75.4 
90.0 
91.8 

Per  cent 
89.8 
85.9 
64.9 
65.6 
75.0 
81.2 
79.4 
78.1 
70.7 
71.7 
74.5 

Per  cent 
88.9 
82.8 
68.2 
64.5 
58.3 
77.3 
81.4 
66.3 
60.2 
84.3 
80.3 

Per  cent 
87.6 
84.0 
69.0 
85.1 
76.81 
83.1 
85.4 
79.3 
59.5 
82.1 
75.2 

Per  cent 
90  7 

1911-1915    

85.6 
79.9 
80.2 
85.5 
83.0 
83.5 
80.5 
71.6 
77.7 
84.9 

82.5 

1916 

56  7 

1917 

61  8 

1918                     

58.3 

1919 

77  6 

1920 

79.8 

1921                         

66.7 

1922 

40.0 

1923. 

75.0 

1924                       

61.5 

Table  21. — The  percentage  born  alive  in  the  control  and  inbred  stocks  by  years  from 

1916  to  19U 


(Corrected  for  the  effect  of  size  of  litter  by  weighting  litters  of  1,  2,  3,  and  4  in  the  proportion  1:3:3:1) 


Year 

Percentage  born  alive  in  stock— 

B 

2 

13 

32 

35 

39 

1916    

88.2 
85.4 
78.4 
90.0 
85.0 
86.7 
86.9 
89.3 
86.9 

66.9 
70.5 
81.8 
80.3 
84.4 
83.2 
78.5 
79.9 
87.0 

71.4 
73.5 
83.1 
87.1 
81.7 
83.7 
66.0 
79.4 
84.0 

76.5 
75.2 
77.8 
90.3 
90.4 
92.1 
79.9 
86.6 
79.1 

83.8 
78.0 
79.0 
80.2 
84.6 
83.7 
78.2 
76.5 
65.3 

74.6 

1917                                  

83.8 

1918 

81.7 

1919               

93.7 

1920                                                             

84.3 

1921 

82.8 

1922                                   

69.6 

1923 

75.2 

1924 

75.8 

Table  22. — The  percentage  raised  of  the  young  born  alive  in  the  control  and  inbred 
stocks  by  years  from  1916  to  1924 

(Corrected  for  the  effect  of  the  size  of  litter  by  weighting  litters  of  1,  2,  3,  and  4  in  the  proportions  ofl:3:3:l) 


Year 

Percentage  of  young  raised  in  stock— 

B 

2 

•  13 

32 

35 

39 

1916 -- 

83.4 
82.0 
84.9 
84.9 
90.4 
81.8 
75.3 
86.0 
85.9 

70.9 
73.-8 
80.1 
88.9 
86.7 
82.5 
75.7 
92.1 
90.5 

68.6 
66.1 
73.6 
85.2 
82.6 
80.4 
68.5 
81.0 
80.4 

68.7 
67.0 
58.8 
78.8 
80.8 
66.2 
60.2 
85.5 
80.1 

66.9 
79.1 
79.3 
84.7 
86.7 
76.0 
59.7 
82.0 
73.4 

59.8 

1917                                   

61.8 

1918 

65.4 

1919  .              

80.7 

1920                                   

76.9 

1921 

69.8 

1922                 

35.6 

1923                                       

84.2 

1924 

62.3 
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Table  23. — The  percentage  of  young  raised  to  33  days  in  the  control  and  inbred 
stocks  in  the  two  periods,  1906-1910  and  1911-1915,  and  by  years  from  1916 
to  1924 


Year 

Percentage  raised  to  33  days  in  stock— 

B 

2 

13 

32 

35 

39 

1906-1910                                     

73.8 
74.0 
48.5 
51.3 
66.0 
69.5 
72.8 
68.4 
59.9 
75.0 
80.0 

78.1 
75.3 
45.1 
45.4 
57.2 
61.8 
57.2 
59.9 
43.3 
62.1 
58.6 

77.3 
69.2 
49.6 
50.1 
45.1 
67.8 
73.3 
60.1 
48.8 
73.2 
62.8 

74.0 
69.3 
53.1 
67.8 
69.6 
64.7 
71.0 
64.5 
46.2 
63.7 
47.2 

72.9 

1911-1915 

74.4 
67.3 
67.4 
67.4 
73.0 
68.6 
67.1 
59.8 
65.0 
69.4 

73.1 

1916                                  -          

42.4 

1917 

48.9 

1918        

46.7 

1919                                                       

72.2 

1920 - 

68.1 

1921                       .       

50.4 

1922 

30.4 

1923     

60.9 

1924                                                --- 

35.5 

Table  24. — The  average  number  of  young  raised  to  33  days  per  mating  per  year  in 
the  control  and  inbred  stocks  in  the  two  periods  1906-1910  and  1911-1916,  and 
by  years  from  1916  to  1924 


Year 

Young  raised  to  33  days  in  stock— 

B 

2 

13 

32 

35 

39 

1906-1910 

6.11 
6.73 
4.03 
4.13 
6.00 
6.42 
7.20 
6.74 
6.04 
6.66 
7.26 

9.78 
7.22 
3.27 
3.35 
3.96 
6.67 
6.35 
6.84 
4.29 
6.94 
6.40 

9.26 
6.75 
3.69 
3.45 
2.90 
5.29 
6.91 
4.13 
2.76 
4.31 
4.57 

8.27 
7.26 
6.41 
5.10 
6.09 
5.64 
7.66 
5.99 
3.66 
5.28 
3.41 

8.36 

1911-1915... 

8.28 
6.47 
6.64 
5.96 
7.94 
9.27 
5.90 
4.98 
6.15 
6.82 

6.74 

1916                                                       

2.97 

1917 

3.00 

1918    

3.18 

1919 

6  15 

1920 

4  41 

1921 

4  20 

1922 

1.05 

1923 

1  82 

1924 

3  11 

Table  25. — The  average  birth  weight  of  young  raised  to  33  days,  corrected  for  the 
effect  of  size  of  litter,  in  the  inbred  and  control  stocks  in  the  two  periods  1906-1910 
and  1911-1915,  and  by  years  from  1916  to  1924 


Y«„ 

Corrected  birth  weight  of  young  raised  in  stock— 

B 

2 

13 

32 

35 

39 

1906-1910  

Grams 

Grams 
83.3 
75.2 
66.4 
68.2 
68.9 
73.3 
69.2 
67.4 
75.8 
76.7 
78.6 

Grams 
92.1 
89.3 
79.2 
76.9 
80.6 
86.6 
86.8 
85.0 
85.1 
92.2 
9L7 

Grams 
82.6 
80.9 
76.7 
74.3 
79.2 
79.6 
78.2 
78.7 
83.0 
83.0 
85.4 

Grams 
82.6 
85.8 
77.9 
73.5 
78.8 
83.2 
81.6 
79.0 
86.9 
86.2 
90.1 

Gramt 
80  5 

1911-1915 

87.2 
79.1 
77.4 
81.7 
86.3 
86.5 
85.1 
93.8 
95.0 
96.8 

79  3 

1916 

71  9 

1917 

68  8 

1918 

68  9 

1919 

75  7 

1920 

77  1 

1921 

76  8 

1922 . 

77  7 

1923 

83  6 

1924  .       . 

86  3 

40 
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Table  26. —  The  aierage  weight  at  33  days,  corrected  for  the  effect  of  size  of  litter 
in  the  inbred  and  control  stocks  in  the  two  periods  1906-1910  and  1911-1915, 
and  by  years  from  1916  to  1924 


Year 

Average  corrected  weight  at  33  days  in  stock — 

B 

2 

13 

32 

35 

39 

1906-1910 

Grams 

Grams 
226.8 
198.2 
148.2 
160.9 
174.9 
182.1 
177.6 
162.9 
185.9 
191.6 
189.9 

Grams 
269.5 
245.  2 
190.7 
206.3 
239.3 
240.4 
259.  0 
228.6 
234.2 
256.3 
257.0 

Grams 
237.4 
223.2 
181.8 
195.6 
198.9 
212.5 
215.0 
204.3 
217.7 
227.0 
223.3 

Grams 
240.3 
234.0 
195.4 
206.7 
223.0 
227.2 
232.4 
207.1 
230.  3 
245.9 
244. 8 

Grams 
243  7 

1911-1915 

237  A 
197. 4 
209.3 
231.7 
240.7 
253.1 
231.4 
250.0 
263.7 
257.9 

225.0 

1916 

170  6 

1917 

185  1 

1918        . 

197.0 

1919 

204  5 

1920 

215  5 

1921     - 

200.9 

1922 

197  3 

1923- 

223.4 

1924 

229.2 

Table  27. — Corrected  weight  in  inbred  and  control  stocks  at  33  days  (logarithms) 
(Characteristics  (2)  omitted  except  at  tops  of  columns) 


Year 

Corrected  weight  at  33  days  in  stock— 

B 

2 

13 

32 

35 

39 

1906-1910                 -            

2.  3556 
.2971 
.1708 
.  2066 
.2428 
.2603 
.2494 
.2119 
.2693 
.2824 
.2785 

2.4306 
.3895 
.2804 
.3145 
.3789 
.3809 
.4133 
.  3591 
.3696 
.4087 
.4099 

2.  3755 
.3487 
.  2596 
.2914 
.2986 
.3274 
.3324 
.3103 
.3379 
.3560 
.3489 

2.  3808 
.  3692 
.2909 
.3153 
.3483 
.3564 
.3662 
.3162 
.  3623 
.3908 
.3888 

2.  3869 

1911-1915                                                       .  .. 

2.  3755 
.2953 
.3208 
.3649 
.  3815 
.4033 
.3644 
.3979 
.4211 
.4115 

.3522 

1916 

.2320 

1917                              .-- -        

.2674 

1918 

.2945 

1919        .          .     -.. 

.3107 

1920                                                                

.3334 

1921 

.3030 

1922          

.2951 

1923 

.3491 

1924 - 

.3602 
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INTRODUCTION 


In  recent  years  a  great  deal  of  attention  has  been  given  to  the 
development  of  regional,  State,  and  local  agricultural  programs. 
The  agencies  sponsoring  these  programs  have  developed  them  as 
short-time  or  as  long-time  plans  of  work  looking  toward  a  better  ad- 
justment in  the  organization  and  practices  of  the  rank  and  file  of 
farmers. 

Inasmuch  as  both  farmers  and  farming  systems  vary  so  widely 
from  State  to  State  and  in  different  type-of-farming  areas  within 
the  same  State  such  programs  must  be  developed  with  accurate  de- 
scriptions of  these  specific  areas  and  groups  in  mind,  otherwise  they 
will  be  too  general  to  be  of  much  value.  A  program  for  the  so-called 
"  average  "  farmer  is  too  indefinite.     Blanket  recommendations  are 
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not  specific  enough  and  furthermore  are  likely  to  be  misleading. 
What  is  needed  is  a  segregation  of  farmers  into  specific  groups  on 
given  sizes  of  farms  and  in  homogeneous  type-of-farming  areas 
so  that  a  correct  appraisal  can  be  made  of  the  needs  of  typical  groups 
and  a  true  interpretation  of  the  effect  which  changing  conditions 
are  likely  to  have  upon  them. 

In  this  bulletin  such  a  segregation  and  analysis  is  made  of  the 
agriculture  of  North  Dakota.  Methods  are  presented  which  indicate 
how  special  tabulations  of  census  data  may  be  used  to  supplement  the 
usual  agricultural  census  data  in  arriving  at  important  type-of-farm- 
ing areas  in  the  State  and  in  determining  the  typical  farming  sys- 
tems for  different  sizes  of  farms  in  each  area.  Examples  are  also 
given  illustrating  how  these  typical  farming  systems  may  be  used 
in  conjunction  with  production  and  price  information  in  testing  out 
and  appraising  the  profitableness  of  different  types  of  farms  as  well 
as  long-time  and  year-to-year  adjustments  m  different  farming 
systems. 

The  methods  presented  herein  are  equally  applicable  to  other 
States  and  a  number  of  the  States  are  now  cooperating  with  the 
Bureau  of  Agricultural  Economics  in  making  similar  studies  of 
their  own  agriculture.  Henceforth,  such  studies  will  be  published 
by  the  individual  States. 

The  material  used  as  a  basis  for  the  analysis  and  conclusions 
reached  in  this  bulletin  has  been  derived  from  a  number  of  sources, 
including  the  Bureau  of  the  Census  of  the  United  States  Department 
of  Commerce,  and  the  Bureau  of  Chemistry  and  Soils,  the  Weather 
Bureau,  and  the  Division  of  Crop  and  Livestock  Estimates  of  the 
Bureau  of  Agricultural  Economics  of  the  Department  of  Agricul- 
ture. Special  acknowledgment  is  made  to  W.  L.  Austin,  Chief  Stat- 
istician for  Agriculture,  Bureau  of  the  Census,  for  cooperation  in 
making  special  tabulations  of  1925  census  data. 

MEANING  OF  "TYPE  OF  FARMING"  AND  "TYPE-OF- 
FARMING  AREA  " 

The  phrase  "type  of  farming"  as  used  in  this  bulletin  relates  to 
the  kind,  amount,  and  proportion  of  crops  and  livestock  found  on 
an  individual  farm.  Thus  a  farm  on  which  wheat,  rye,  and  flax  are 
grown  almost  exclusively  may  be  spoken  of  as  representing  a  cash- 
grain  type  of  farming.  "  Type-of-farming  area  "  is  one  in  which 
there  is  a  fair  degree  of  uniformity  in  the  types  of  farming  repre- 
sented by  the  farms  in  the  area  in  which  the  soil,  topography,  cli- 
matic conditions,  and  price  relationships  are  similar.  In  other 
words,  a  type-of-farming  area  is  one  in  which  a  certain  type  of  farm- 
ing predominates. 

Type  of  farming  area  in  this  sense  considers  the  character  of 
both  crops  and  livestock  grown,  the  amount  and  proportion  of  each, 
as  well  as  the  existing  price  relationships  and  the  physical  conditions 
under  which  they  are  produced.  This  is  not,  however,  the  mean- 
ing which  is  always  attached  to  the  term.  Probably  the  measure 
which  has  been  used  more  often  than  any  other  to  differentiate  types 
of  farming  or  type-of-farming  areas  is  that  of  source  of  income. 
Thus  if  a  certain  proportion,  say  30  or  40  per  cent,  of  the  income 
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comes  from  a  particular  source  this  defines  the  type.  Source  of  in- 
come under  certain  conditions  may  be  a  fair  measure  of  type,  but  it 
is  on  the  whole  too  unstable  to  be  used  with  confidence  as  a  final  meas- 
ure. This  arises  from  the  fact  that  the  proportion  of  the  income 
from  different  sources  is  constantly  changing  because  of  fluctuating 
acreages  of  crops,  numbers  of  livestock,  yields,  and  prices.  Hence  it 
is  better  to  use  this  measure  as  a  check  in  conjunction  with  other 
measures  rather  than  as  a  final  measure  itself. 

Still  other  measures  have  been  used.  Sometimes  areas  have  been 
distinguished,  for  example,  on  the  basis  of  a  prevailing  practice  with 
respect  to  the  kind  of  power  and  machinery  used;  method  of  har- 
vesting a  particular  crop  or  growing  and  feeding  out  of  a  certain 
class  of  livestock;  and  character  of  tenure  has  sometimes  been  the 
measure  on  which  the  difference  in  areas  turned.  These  distinctions 
between  areas  turn  upon  the  difference  in  a  single  factor  or  practice. 
This  may  be  desirable  and  satisfactory  for  certain  purposes,  as  in 
the  analysis  of  particular  enterprises,  but  as  a  basis  for  differen- 
tiating specific  type-of-f arming  areas  it  is  not  broad  enough. 

TYPE-OF-FARMING  AREAS  IN  NORTH  DAKOTA 

The  physical  characteristics  of  a  State  with  respect  to  soil  type, 
topography,  temperature,  rainfall,  and  the  like,  roughly  determine 
the  way  in  which  the  land  is  utilized.  Thus  because  of  the  prevailing 
distribution  of  these  physical  factors  some  sections  of  North  Dakota 
have  a  larger  proportion  of  the  land  area  in  farms  than  others; 
other  areas,  on  the  other  hand,  have  a  greater  proportion  of  the  farm 
area  improved  and  in  crops ;  and  still  other  areas  have  more  grazing 
and  nontillable  pasture  land. 

A  diagonal  line  drawn  from  the  western  boundaries  of  Dickey 
and  La  Moure  Counties  in  the  southeastern  corner  of  the  State  to 
Divide  County  in  the  northwestern  corner  roughly  separates  the 
important  cxopping  and  pasture  areas.  (Fig.  1.)  The  area  north 
of  this  line  is  the  important  cropping  center  of  the  State,  and  the 
one  to  the  south  is  devoted  more  extensively  to  pasture.  In  the 
latter  area  is  included  the  area  known  as  the  Bad  Lands.  This  area 
is  included  in  the  lightly  shaded  portion  of  Figure  1.  Seventy-five 
per  cent  or  more  of  the  western  half  of  Billmgs,  eastern  lialf  of 
Golden  Valley,  south-central  and  eastern  part  of  McKenzie  and 
northern  half  of  Dunn  Counties  is  nontillable  pasture  land.  Sioux 
County  along  the  southern  border  of  the  State  also  has  three-fourths 
or  more  of  its  area  in  nontillable  pasture  land.  Here  and  there 
throughout  these  areas,  however,  are  interspersed  from  one  to  sev- 
eral townships  which  can  be  and  are  used  for  crop  production. 

This  classification  of  the  land  area  of  the  State  gives  an  idea  of  the 
broad  general  uses  to  which  the  land  is  put,  but  it  does  not  show 
where  the  more  important  crops  and  livestock  are  grown  nor  indi- 
cate the  area  in  which  each  is  relatively  most  important. 

The  type-of- farming  map  for  the  State,  (fig.  2)  indicates  the 
important  type-of-farming  areas  within  which  the  organization 
of  farms  and  other  conditions  are  similar.  There  is  enough  diver- 
gence in  the  crop  and  livestock  organizations  and  in  the  conditions 
under  which  they  are  grown  in  the  different  parts  of  the  State  to 
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F!G.  1. -RELATIVE  AMOUNT  OF  FARM  LAND  |N  CROPS,  BY  COUNTIES  IN 

North  Dakota 

In  the  eastern  and  northern  sections  of  the  State  a  larger  proportion  of  farm  land 
is  in  crops  than  in  the  southwestern  where  the  pasture  area  is  more  important 


Fig.  2.-TYPE-0F-FARMING  Areas  in  North  Dakota 

There  are  14  separate  type-of-farming  areas  in  the  State.  Since  the  production  of 
the  cash  crops,  wheat,  rye,  and  flax  are  important  in  all  sections,  the  differences 
between  most  of  the  areas  are  largely  differences  of  degree  rather  than  of  kind 
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warrant  the  differentiation  of  14  different  type-of-farming  areas. 
These  areas  vary  considerably  both  in  extent  and  in  the  number  of 
counties  included.  Four  of  the  areas  comprise  only  1  county  each,  3 
include  2,  and  the  other  7  include  from  3  to  9  counties  each. 

Inasmuch  as  county  data  are  used  as  a  basis  for  determining  the 
type-of-farming  areas,  the  lines  dividing  the  different  areas  follow 
county  lines.  Data  by  smaller  geographic  units  would  maffe  possible 
a  more  accurate  line  of  demarcation.  Such  a  dividing  line  at  best,  how- 
ever, is  probably  a  very  indefinite  one,  gradually  shading  off  from 
one  area  to  another  and  frequently  shifting  position  from  time  to 
time.  The  actual  limits  of  these  areas  should  not  be  considered  as 
so  definite  and  fixed  as  they  appear  on  the  map. 

With  the  possible  exception  of  southeastern  North  Dakota  and  por- 
tions of  the  country  south  and  west  of  the  Missouri  River,  the 
dominant  kind  of  farming  in  the  State  is  one  in  which  cash  crops 
are  the  center  of  the  farming  system.  The  distinction  between  the 
various  areas,  therefore,  is  more  one  of  degree  than  it  is  one  of  kind. 

For  example,  the  chief  difference  between  areas  3  and  4  turns 
largely  on  the  amount  of  wheat,  rye,  barley,  and  oats  grown.  Wheat 
and  rye  occupy  a  larger  proportion  of  the  farm  area  in  4  than  in 
3,  whereas  oats  and  barley  are  relatively  more  important  in  3.  Like- 
wise, the  distinction  between  the  other  areas  hinges  in  the  same  way 
on  the  proportion  of  the  crops  grown  rather  than  on  differences  in 
kinds  of  crop  or  livestock.  Probably  the  type  of  farming  in  area  7 
in  McHenry  County  is  as  distinct  as  any  in  the  State — yet  with  the 
exception  of  the  rye  acreage  the  other  crops  are  not  very  different. 

A  more  detailed  discussion  of  the  distinction  between  different 
areas  and  of  the  dominant  types  of  farming  prevailing  in  each  is 
presented  in  the  latter  half  of  this  bulletin,  pp.-  21  to  49.^ 

FACTORS   CONSIDERED   IN   LOCATING   AND   DIFFEREN- 
TIATING THE  AREAS 

Three  general  groups  of  factors  were  taken  into  consideration  and 
used  as  a  basis  for  determining  the  different  areas  and  the  limits 
of  each:  (1)  Physical  factors,  such  as  soil  type,  topography,  length 
of  growing  season,  and  precipitation;  (2)  nature  of  crop  and  live- 
stock organization,  and  (3)  trend  in  acreage  of  crops  and  numbers  of 
livestock.  In  addition  to  these  three  groups  of  factors  some  atten- 
tion was  given  to  the  variation  in  crop  yields  and  to  the  proportion 
of  the  total  income  from  different  sources. 

SOIL  TYPE  AND  TOPOGRAPHY 

Generally  speaking,  such  effect  as  soil  type  has  upon  types  of  farm- 
ing comes  about  largely  through  its  influence  upon  the  physical 
adaptability  of  crops.  Because  of  peculiar  biological  characteristics 
certain  crops  are  particularly  affected  by  the  physical  texture  of  the 
soil,  others  by  its  chemical  content,  and  others  by  its  water-holding 
capacity,  or  other  factors.     It  is  not  so  much  a  question  of  absolute 

1  Those  interested  in  a  more  detailed  presentation  of  data  relating  to  the  agriculture  of 
the  various  counties  in  North  Dakota  are  referred  to  the  following  bulletin :  Willard, 
R.  E.,  and  Fdlleb,  O.  M.  type-of-farming  areas  in  north  dakota.  N.  Dak.  Agr.  Expt. 
Sta.  Bui.  212,  268  p.,  illus.     1927. 
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adaptability  as  it  is  of  relative  adaptability.  That  is,  it  is  not  so 
much  a  question  whether  a  crop  will  or  will  not  grow  on  a  certain 
type  of  soil  as  it  is  whether  one  crop  will  do  better  than  others  on 
such  a  soil.  It  is  from  this  latter  standpoint  that  the  effect  of  soil 
upon  farming  types  is  primarily  considered. 

The  soils  of  the  Red  River  Valley  are  derived  from  the  deposits  of 
old  lake  bids  and  consist  primarily  of  loams  and  sandy  loams,  with 
occasional  patches  of  sandy  land.^  (Fig.  3.)  Crop  yields  in  this 
section  of  the  State  are  higher  than  in  any  other  part  of  the  State. 
(Fig.  6.) 


SI  111!  Loams,  day  loams  ana  sandi/  looms  (lacustrine  origin  )  \//y\  Bod  lands 

^^  Looms  predominate  (glacial  drift  origin)  j^gj  Alluvial 

^^^  Terminal  moraine  (glacial  till  origin  )  {::-;v::;:|  Sondi/  lands 

[xt:!:!  Loams,  clot/  loams  and  sondg  loams  (sandstone  and  shale  origin)  gs^  Heavy  Texture  (alluvial  origin) 


Fig.  3.—THE  Soil  Series  of  North  Dakota 

The  soils  of  the  eastern  part  of  the  State  are  derived  from  the  deposits  of  old  lake 
beds.  In  other  parts  of  the  State  either  they  are  nonglaciated  or  are  derived 
mostly  from  the  weathering  of  glacial  drift  or  glacial  till 

To  the  west  of  the  Red  River  Valley  in  a  triangular  area  extend- 
ing from  Dickey  and  La  Moure  Counties  diagonally  across  the  State 
to  Divide  County  and  then  back  along  the  Canadian  border  the 
soils  have  been  derive4  from  the  weathering  of  glacial  drift.  Loams 
predominate  in  this  area  and  on  the  whole  are  probably  less  fertile 
than  the  soils  of  the  Red  River  Valley  but  are  much  better  drained, 
and  as  they  are  of  a  lighter  texture  they  are  more  easily  tilled.  The 
yields  in  this  section  of  the  State,  although  somewhat  less  than  in 
the  Red  River  Valley,  are  higher  than  in  most  other  parts  of  the 
State.  (Fig.  6.) 


~  The   material   relating   to   soil   type   is   taken   largely   from   the   following :  Walster, 
H.  L.    a?HB  SOILS  OF  NORTH  DAKOTA.    Quart.  Jour.  Univ.  N.  Dak.  14,  165-17G,  illus.     1924. 
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Within  this  broad  area,  and  in  Richland  and  Ransom  Counties 
of  the  other  area,  are  patches  of  soils  of  a  somewhat  different  na- 
ture. These  soils  are  of  a  decidedly  sandy  nature  and  are  much  less 
productive  than  those  in  the  other  areas  already  mentioned.  There 
are  two  general  areas  of  this  type  of  soil  which  are  important.  One 
is  in  Richland  and  Ransom  Counties  and  the  other  in  McHenry  and 
contiguous  counties  to  the  north  and  east. 

Another  important  area  of  glaciated  soil  lies  in  a  narrow  belt 
of  counties  extending  diagonally  across  the  State  from  Mcintosh  and 
Emmons  Counties  in  the  south  to  Williams  and  Divide  Counties  in 
the  extreme  northwestern  part  of  the  State.  The  soil  in  this  area 
presumably  was  derived  from  glacial  till.  Much  of  the  area  is  rough 
in  character,  as  it  is  largely  terminal  moraine  country.  The  rock 
and  other  debris  embedded  in  the  ice  were  deposited  as  the  glacier 
receded,  and  the  resulting  terrain  is  uneven  and  in  many  places  rough 
and  stony. 

The  area  south  and  west  of  the  Missouri  River  comprises  largely 
nonglaciated  soil.  This  soil,  technically  known  as  the  Morton  series, 
has  resulted  from  the  weathering  of  fine-grained  sandstones  and 
shales.  The  soils  vary  from  loams  to  clay  loams  and  clay;  areas  of 
sandy  loams  are  occasionally  found.  The  topography  is  undulating 
to  rolling. 

ProbaJbly  the  best  example  of  the  influence  of  soil  upon  the  crops 
grown  is  found  in  McHenry  County.  The  soil  in  this  county  is  of 
a  decidedly  sandy  nature,  and  largely  because  of  the  sandy  soil  this 
county  is  the  most  important  rye  center  in  the  State,  because  rye  does 
better  on  this  type  of  soil  than  do  wheat  or  the  other  small  grains. 
The  same  situation  is  found  in  small  areas  in  other  counties  of  the 
State,  notably  in  La  Moure,  Dickey,  and  Ward. 

There  are  possibly  other  local  areas  where  similar  effects  of  soil 
type  upon  the  type  of  farming  are  to  be  found,  though  in  the  main 
the  other  areas  in  the  State,  so  far  as  soil  type  goes,  appear  to  be 
about  equally  adapted  to  the  crops  that  are  grown.  Other  physical 
factors  such  as  topography,  length  of  growing  season,  and  precipi- 
tation, have  an  influence  apart  from  soil  type. 

The  character  of  the  land  surface  has  an  important  bearing  upon 
the  type  of  agriculture  followed.  Because  of  the  large  amount  of 
nontillable  pasture  Jand  in  the  southwestern  part  of  the  State,  for 
example,  the  land  is  given  over  largely  to  grazing  even  though  there 
are  many  areas  of  arable  land  within  the  rougher  sections  of  the  Bad 
Lands  which  are  devoted  to  crop  production.  Topography  in  areas 
like  the  Turtle  Mountain  region  in  Rolette  County  and  some  of  the 
terminal  moraine  country  in  the  south  and  west-central  part  of  the 
State  also  influence  the  agriculture  to  a  considerable  extent.  But  so 
far  as  the  main  crop-producing  areas  of  the  State  go,  topography  is 
not  a  factor  of  great  importance. 

LENGTH  OF  GROWING  SEASON 

The  length  of  growing  season  in  the  important  type-of -farming 
areas  of  the  State  is  shown  in  Figure  4.  The  extremities  of  the  divid- 
ed bars  show  the  date  in  the  spring  when  in  four-fifths  of  the  years 
the  last  frost  is  past  and  the  date  in  the  fall  which  is  free  from 
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frosts  in  four-fifths  of  the  years.  In  other  words,  they  show  the 
length  of  the  growing  season  for  four-fifths  of  the  years.  By  adding 
the  extreme  limits  of  the  last  frost  in  the  spring  and  the  first  frost  in 
fall  to  each  end  of  the  divided  bars  the  complete  picture  is  obtained. 

There  is  considerable  range  in  these  extreme  limits.  The  last  frost 
in  the  spring  was  as  early  as  April  15  in  one  year  in  area  8,  for 
example,  whereas  in  another  year  there  was  a  frost  as  late  as  July  in 
the  same  area.  Extremes  simijar  to  this  may  be  noted  both  in  the 
spring  and  in  the  fall  in  practically  all  the  areas. 

In  general,  the  length  of  growing  season  follows  latitude  but  is 
modified  in  certain  areas  by  elevation  and  possibly  by  bodies  of  water 
such  as  the  Missouri  Kiver.    Such  an  area  seems  to  be  found  in  parts 
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Fig.  4.    Length  of  Growing  Season  by  Type-of- Farming  Areas  in  North 

Dakota 

The  length  of  the  growing  season  is  most  important  in  the  case  of  corn.  The  longer 
growing  season  in  area  1  accounts  in  part  for  the  larger  acreages  of  corn  in 
that  area 

of  Logan  and  Mcintosh  Counties.  It  seems  to  be  a  common  occur- 
rence for  this  area  to  be  visited  by  late  killing  frosts  in  the  spring. 
The  same  is  true  of  Pembina  and  Walsh  Counties  in  the  northeastern 
part  of  the  State. 

The  most  pronounced  effect  of  this  factor  upon  type  of  farming 
is  to  be  found  in  the  case  of  corn.  The  principal  center  of  corn  pro- 
duction is  found  in  area  1  in  the  southeastern  part  of  the  State.  In 
areas  1  and  2  the  growing  season  is  longer  than  in  the  other  parts 
of  the  State.  Area  1  also  has  a  mean  summer  temperature  and  mois- 
ture conditions  which  are  favorable  to  the  growth  of  corn.  In  areas 
farther  north  these  factors  are  not  so  favorable.  Corn  is  grown  but 
is  used  for  fodder  or  silage.     Farther  west  and  in  the  southwest 
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moisture  probably  is  the  deciding  factor.    So  far  as  the  other  major 
crops  are  concerned  this  factor  is  of  less  influence. 

PRECIPITATION 

North  Dakota  can  be  divided  roughly  into  three  general  areas  or 
belts  according  to  the  total  annual  precipitation.  In  the  eastern 
third  of  the  State  the  annual  precipitation  ranges  from  18  to  24 
inches;  in  the  central  portion  from  16  to  18  inches;  and  in  the 
western  part  from  12  to  16  inches.    (Fig.  5.) 

Between  these  general  regions  or  belts  and  within  each  of  them 
there  is  considerable  variation  in  precipitation  from  month  to  month. 


^^'^•^ 


^^12-13 


INCHES 
\l6-n      ^^la-IB 


20-21      WZ22-2*t 


Fig.  5— Average  Annual  Precipitation  in  North  Dakota 

The  average  annual  precipitation  decreases  from  18  to  24  inches  in  the  eastern 
third  of  the  State  to  12  to  16  inches  in  the  western  third.  About  three-fourths  of 
the  total  precipitation  comes  during  the  growing  season,  from  April  to  October 

With  one  or  two  exceptions  the  peak  of  precipitation  comes  in  June 
in  all  of  these  areas,  although  in  some  areas  there  is  a  more  rapid 
falling  off  in  subsequent  months  than  in  others.  This  is  particularly 
true  in  the  western  areas,  notably  11,  13,  and  14.  The  amount  of 
precipitation  which  comes  during  the  fall  and  winter  months  in  these 
areas  is  of  considerable  importance.  The  more  moisture  that  can 
be  stored  prior  to  the  growing  season,  the  better  chance  these  areas 
have  of  making  a.  good  crop*  the  next  year. 

The  precipitation  also  totals  much  higher  in  the  early  spring 
months  in  certain  of  the  areas*  than  in  others.  In  certain  of  the 
Ked  River  Valley  counties  where  the  level  terrain  and  heavy  type  of 
soil  make  for  poor  drainage  it  does  not  take  a  large  amount  of  pre- 
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cipitation  in  the  early  spring  months  to  interfere  appreciably  with 
seeding  operations.  In  these  areas  heavy  rainfall  at  this  time  may 
be  disadvantageous,  whereas  in  the  drier  areas  of  the  western  part 
of  the  State  the  same  amount  would  be  decidedly  advantageous. 

For  the  majority  of  the  areas  of  the  State  about  three-fourths  of 
the  total  precipitation  comes  during  the  growing  season,  from  April 
to  October.  There  is  an  actual  range,  however,  from  11  to  17.5 
inches.  This  divergence  is  of  considerable  importance  in  causing 
certain  crops  to  center  in  some  districts  rather  than  in  others.  In 
the  southeastern  part  of  the  State  the  rainfall  during  the  summer 
months  totals  almost  10.5  inches  which  probably  accounts  in  part 
for  the  relatively  larger  acreages  of  corn  grown  in  this  area. 

When  the  average  amount  of  rainfall  verges  on  the  minimum 
required  for  successful  crop  production,  as  is  the  case  in  a  number  of 
the  western  tier  of  counties,  the  variation  in  rainfall  from  year  to 
year  becomes  very  important.  In  fact,  in  many  cases  it  means  the 
difference  between  getting  a  crop  and  not  getting  one.  Since  the 
importance  of  this  variation  from  year  to  year  is  measured  by  its 
effect  upon  crop  yields,  probably  as  good  a  way  to  show  it  as  any 
is  by  an  index  of  yields  and  an  index  of  variability  in  yields  for 
the  important  crops  in  the  different  counties  of  the  State.  Such  in- 
dices reflect  the  influence  of  soil  type  as  well  as  climate  and  at  the 
same  time  give  a  rough  measure  of  the  relative  productiveness  of 
the  different  areas  of  the  State.  Such  indices  also  summarize  the 
effect  of  all  these  physical  factors  and  give  a  partial  basis  for  com- 
bining the  counties  into  areas  wherein  conditions  are  similar. 

INDEX    OF    YIELDS 

The  variation  in  the  combined  yields  of  five  of  the  important 
crops  in  the  State  is  shown  in  Figure  6.  The  crops  included  are 
wheat,  flax,  rye,  barley,  and  oats.  The  average  yield  of  each  crop 
for  16  years  was  calculated  for  the  whole  State  and  for  each  county, 
and  then  the  ratio  of  the  latter  to  the  former  was  taken.  The  result- 
ing ratios  for  each  crop  were  then  combined  into  the  index  as  given 
for  each  county. 

INDEX  OF  VARIABILITY  OF  YIELDS 

An  index  of  yields  for  16  years  such  as  the  above,  gives  a  rough 
measure  of  the  relative  productiveness  of  the  different  parts  of  the 
State,  but  it  does  not  indicate  how  stable  these  yields  are  year  after 
year.  A  measure  is  needed  which  will  show  this,  since-  it  is  just  as 
important  to  know  the  variability  in  the  yield  as  it  is  to  know  the 
yield  itself.  In  Figue  7  is  presented  an  index  of  variability  of  the 
yield  of  the  five  crops  used  in  the  other  index.  The  method  of  com- 
putation is  similar  to  that  used  in  the  other  case.  The  coefficient  of 
variation  ^  in-  the  yield  of  each  crop  for  each  country  was  first  com- 
puted, and  the  figure  for  each  county  was  related  to  the  average  for 
all  counties.  The  resulting  ratios  for  the  different  crops  were  then 
combined  into  an  index  for  each  county  in  the  State. 

8  CoefBcient  of  variation  in  yield  is  computed  by  relating  the  standard  deviation  yield 
to  the  16-year  average  yield  per  acre ;  that  is,  coefficient  of  variation  =  ^  X   100. 
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The  counties  in  the  eastern  part  of  the  State  have  less  varia- 
bility in  yields  than  do  the  counties  in  other  parts  of  the  State.  A 
comparison  of  Figure  7  with  Figure  6  shows  that,  in  general,  the 
areas  having  high  yields  have  low  variability  in  yields  and  those 
with  low  yields  have  high  variability.  Under  conditions  such  as 
these  it  is  obvious  that  crop  production  in  the  area  south  and  west 
of  the  Missouri  River  is  much  more  uncertain  and  hazardous  than 
it  is  in  the  eastern  third  of  the  State. 

As  shown  by  this  index,  the  counties  in  the  northern  two-thirds  of 
the  Red  River  Valley  are  the  most  productive  in  the  State.    Reckon- 


INDEX  OF  COMBINED  YIELDS 
^^100-109  ^  90-99 
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Fig.  e.-lNDEX  OF  the  Combined  Yields  of  Wheat.  Flax,  Rye.  Barley,  and 
Oats  for  16  Years  in  North  Dakota 

Average  ci'op  yields  are  highest  in  the  counties  in  the  northern  two-thirds  of  the 
Red  River  Valley  and  lowest  in  the  range  areas  of  the  southwest  and  in  McHenry 
and  Bottineau  Counties  in  the  north-central  section  of  the  State 

ing  the  average  yield  of  the  whole  State  as  100,  the  counties  in  this 
area  have  a  yield  which  averages  10  to  25  per  cent  higher. 

Pembina,  Walsh,  Grand  Forks,  Traill,  and  Cass  Counties  are  the 
most  productive  of  the  Red  River  Valley,  their  production  ranging 
from  8  to  15  per  cent  higher  than  that  of  the  adjoining  counties. 

There  are  only  two  other  groups  of  counties  which  have  yields 
higher  than  the  average  of  the  State — one  is  a  group  of  counties 
lying  to  the  west  and  south  of  the  group  just  mentioned,  and  the 
other  in  the  northwestern  part  of  the  State  and  along  the  Missouri 
River.  The  former  group  comprises  Sargent,  Richland,  Ransom, 
Dickey,  Stutsman,  Wells,  Foster,  Eddy,  Nelson,  Benson,  and  Towner 
Counties.    The  latter  group  includes  Ward,  Mountrail,  Burke,  Di- 
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vide,  and  Williams  in  the  northwest,  and  Dunn,  Mercer,  and  Oliver 
along  the  Missouri  River  to  the  south. 

The  counties  through  the  central  part  of  the  State  from  north  to 
south  are  next  in  relative  productiveness,  as  shown  by  this  index. 
They  range  from  25  to  35  per  cent  below  the  more  productive  coun- 
ties in  the  Red  River  Valley.  They  have  yields,  however,  which 
range  from  10  to  15  per  cent  higher  than  do  the  yields  in  the  coun- 
ties in  the  southwestern  part  of  the  State.     These  latter  counties. 


l:-::x--|  80  and  less 
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Fig.  7.— Index  of  the  Variability  in  Yields  of  Wheat,  Flax,  Rye,  Barley, 
AND  Oats  for  16  Years  in  North  Dakota 

Crop  yields  are  most  variable  in  those  counties  having  relatively  low  average  yields. 
Crop  production  in  the  area  south  and  west  of  the  Missouri  River  is  more 
hazardous  than  in  the  eastern  third  of  the  State 


including  Sioux,  Grant,  Adams,  Bowman,  Slope,  Billings,  Stark, 
and  Hettinger,  according  to  this  index,  are  the  least  productive  in 
the  State.  McHenry  and  Bottineau  Counties  along  the  northern 
border  are  two  other  counties  in  which  yields  are  relatively  low. 
The  low  yields  in  these  two  counties  are  to  be  accounted  for  by  the 
prevalence  of  a  very  sandy  type  of  soil.  The  16-year  average  yields 
per  acre  of  wheat,  flax,  rye,  barley,  oats,  and  tame  hay  are  shown, 
for  the  various  type  of  farming  areas,  in  Table  1. 
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Table  1. — Average  yields  per  acre  for  16  years  of  the  important  crops  in  the 
different  type  of  farming  areas  ^ 


Average  yield  per  acre  of— 

Area 

Wheat 

Flax 

Rye 

Barley 

Oats 

Tame  hay 

1 

Bushels 
10.0  to  12.0 
11.0  to  12.0 
13. 0  to  13. 5 
10.0  to  12.0 
8.0  to  9.0 
9.  5  to  10.  5 
8.0  to  9.0 
9.0  to  11.0 
10.0  to  11. 5 
8.0  to  8.5 
8.0  to  9.0 
8.0  to  8.5 
9.0  to  11.0 
12.0  to  12. 5 

Bushels 
7. 5  to  8.  5 
7.5  to  9.0 
8. 5  to  9. 5 
7.7  to  8.5 
7.0  to  8.0 
6.5  to  7.0 
6.0  to  6. 5 
6. 5  to  7.  5 
6.0  to  7.5 
5.5  to  6.0 
5.0  to  6.5 
5.0  to  6.0 
6.0  to  7.5 
6. 5  to  7. 5 

Bushels 
12.0  to  16.0 
12.0  to  16.0 
15.0  to  17.0 
11.0  to  14.0 
10.0  to  11.0 
11.0  to  12.0 
9. 5  to  10. 5 
11. 5  to  13.0 
11. 5  to  12.  5 
9.  5  to  10.  5 
9.0  to  12.0 
10. 5  to  11. 5 
11.0  to  13.0 
12.0  to  13.0 

Bushels 
19  to  23 

19  to  22 

20  to  22 

16  to  20 
19  to  20 
18  to  20 
15  to  17 

17  to  20 

15  to  21 

17  to  18 

16  to  18 
15  to  17 

18  to  21 

19  to  21  • 

Bushels 
25  to  29 

25  to  28 
28  to  30 

21  to  27 

22  to  24 

23  to  25 

20  to  22 

21  to  25 
21  to  27 
18  to  20 
20  to  22 
20  to  22 
23  to  26 

26  to  28 

Tons 
1.3  to  1.4 

2 

1.3  to  1.5 

3-            

1.2  to  1.4 

4 

1.2  to  1.5 

5 

1. 1  to  1. 3 

C                  

1.0  to  1.4 

7 

1.1  to  1  3 

8 

1.1  to  1.3 

9                   

1.0  to  1.2 

10 

.8  to  1.0 

11.         -   

.9  to  1.1 

12 

.  8  to  1  0 

13 

1.1  to  1.2 

14         .  

1.1  to  1.3 

'  Because  only  a  small  proportion  of  the  com  is  harvested  for  grain,  adequate  data  on  com  yields  either 
for  grain  or  stover  are  not  available. 


NATURE  OF  CROP  AND  LIVESTOCK  ORGANIZATIONS 

The  second  group  of  factors  taken  into  consideration  in  determin- 
ing the  type-of -farming  areas  in  North  Dakota  has  to  do  with  the 
nature  of  the  crop  and  livestock  organizations  handled  in  the  differ- 
ent areas.  Counties  having  about  the  same  proportion  of  the  farm 
acreage  in  the  various  crops  and  about  the  same  proportionate 
amounts  of  the  different  classes  of  livestock  were  considered  to  have 
the  same  type  of  farming  and  consequently  were  grouped  together. 

In  considering  the  similarity  of  crop  and  livestock  organizations 
in  the  different  counties  several  bases  may  be  used.  For  example, 
the  relative  importance  of  the  various  crops  may  be  determined  by 
relating  the  area  in  each  crop  to  (1)  total  land  area,  (2)  total  area 
in  farms,  (3)  area  in  all  crops,  or  (4)  area  in  crops  and  pasture. 
Likewise,  the  importance  of  the  various  classes  of  livestock  may  be 
determined  by  relating  the  numbers  of  each  to  the  same  bases. 

In  considering  the  relative  merits  of  these  different  bases  it  is  im- 
portant to  keep  in  mind  the  twofold  purpose  of  the  analysis.  The 
first  objective  is  to  determine  the  relative  importance  of  the  different 
lines  of  crop  and  animal  production  in  the  various  parts  of  the  State. 
The  other  is  to  get  the  data  for  all  counties  onto  a  comparable  basis 
so  that  the  counties  may  be  grouped  into  type-of -farming  areas  in 
which  there  is  similarity  in  crop  and  livestock  organizations. 

A  close  analysis  of  the  results  from  the  use  of  these  bases  indicates 
that  so  far  as  the  type  areas  are  concerned  it  does  not  make  a  great 
deal  of  difference  which  base  is  used,  as  the  different  bases  give  ap- 
proximately the  same  grouping.  In  determining  the  counties  which 
go  together  to  make  up  the  type-of -farming,  areas,  therefore,  the 
choice  of  the  particular  base  to  use  need  not  occasion  much  difficulty, 
as  one  will  be  about  as  satisfactory  as  another. 

From  the  standpoint  of  indicating  the  relative  importance  of  the 
particular  crops  and  classes  of  livestock  in  the  different  parts  of  the 
State,  however,  the  use  of  some  of  the  bases  are  more  satisfactory 
for  certain  circumstances  than  others.     None  of  the  bases  under  con- 
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sideration  are  by  any  means  ideal  for  all  purposes.  Under  certain 
circumstances  each  of  them  has  advantages  which  may  warrant  its 
use,  but  for  some  objectives  there  are  important  disadvantages  in  the 
use  of  either  base  by  itself. 

The  individual  farmer  organizes  his  farm  with  the  view  of  utiliz- 
ing all  of  the  land  in  his  farm  to  the  best  advantage  in  so  far  as 
possible.  In  studying  his  farm  and  hundreds  of  others  similar  to 
it  the  utilization  of  the  whole  farm  area  must  be  shown  if  a  complete 
picture  of  the  type  of  organization  followed  is  to  be  obtained.  The 
base  finally  selected,  therefore,  should  show  the  exact  situation  ob- 
taining on  the  farms  as  a  whole  in  so  far  as  possible,  and  at  the  same 
time  should  indicate  the  relative  importance  of  each  enterprise  in 
the  different  parts  of  the  State  or  region. 

If  the  crop  area  is  used  as  the  base,  for  example,  the  importance 
of  a  particular  crop  or  class  of  livestock  is  overemphasized  in  those 
counties  or  areas  in  which  the  crop  acreage  makes  up  only  a  small 
portion  of  the  farm  area  or  total  land  area,  especially  where  a  large 
portion  of  the  farm  area  is  in  pasture.    This  is  illustrated  in  Figures 

8  and  9.  In  Figure  8  the  acreages  of  each  crop  and  numbers  of  each 
class  of  livestock  are  related  to  the  area  in  crops,  whereas  in  Figure 

9  the  farm  area  is  used  as  the  base.  Because  of  the  relatively  larger 
areas  of  pasture  in  the  western  part  of  the  State  the  importance  of 
both  crops  and  livestock  in  the  western  counties  as  compared  with 
the  eastern  counties  is  somewhat  overemphasized  in  Figure  8. 

A  more  complete  picture  of  the  relative  importance  of  all  lines 
of  production  in  the  different  parts  of  the  State  is  given  in  Figure 
9  because  it  shows  the  relative  importance  of  the  pasture  area  in  rela- 
tion to  crops  and  it  relates  livestock  to  both  crop  and  pasture  area. 
In  an  area  like  much  of  the  territory  south  and  west  of  the  Missouri 
River,  where  a  large  portion  of  the  farm  area  is  in  pasture,  it  is 
obvious  that  data  showing  the  number  of  livestock  in  relation  to  the 
acres  in  crops  are  not  strictly  comparable  with  data  arrived  at  in 
the  same  way  in  other  parts  of  the  State  where  a  much  larger  per- 
centage of  the  land  area  is  in  crops.  In  a  State  where  the  crop  area 
constitutes  a  more  uniform  proportion  of  the  farm  area  this  differ- 
ence, due  to  the  two  bases,  would  not  be  so  important. 

The  same  difficulty  arises  under  certain  conditions  if  farm  area  is 
used,  particularly  in  a  range  country  where  the  area  in  farms  is 
considerably  short  of  the  total  land  area.  Either  crops  or  livestock 
figured  on  a  farm  basis  under  such  conditions  will  not  be  comparable 
with  figures  calculated  in  the  same  way  in  areas  where  the  farm 
area  is  more  nearly  equal  to  the  total  land  area. 

Under  such  conditions  it  may  be  well  to  shift  from  the  farm  area 
basis  and  use  crop  area  plus  pasture  or  total  land  area  instead.  How- 
ever, total  land  area  is  not  a  reliable  base  under  most  conditions 
since  it  includes  land  in  cities,  streams,  roads,  swamps,  bluffs,  etc. 
There  obviously  is  no  point  in  including  land  used  for  such  purposes 
in  determining  relative  importance  of  different  lines  of  agricultural 
production.  In  some  areas,  especially  where  there  are  large  acreages 
of  unutilized  woodland  or  cut-over  woodland  in  farms,  the  total 
crop  and  pastures  area  may  be  a  more  satisfactory  basis  than  either 
total  farm  area  or  crop  area  alone.  In  a  State  where  conditions 
are  fairly  homogeneous,  however,  as  was  pointed  out  above,  it  does 
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not  make  a  great  deal  of  difference  which  base  is  used  as  they  will 
give  essentially  the  same  results,  especially  so  far  as  the  delimitation 
of  type-of-farming  areas  is  concerned. 


CROPS  m  PERCENT  OF  HARVESTED  ACREAGE 


AREA 


DICKEY 

SARGENT 

RANSOM 

RICHLAND 

CASS 

LA  MOURE 


STEELE 

GRAND  FORKS 

FOSTER 

TRAILL 

STUTSMAN 

GRIGGS 

EDDY 

NELSON 

BARNES 


PEMBINA 
WALSH 


TOWNER 
PIERCE 
WELLS 
A   RAMSEY 
CAVALIER 
BENSON 
ROLETTE 


Mc.lNTOSH 


WHEAT  FLAX        RYE     BARLET^ 

0    10  20  30  AO  so   0    10    0    10    0    10    0 


OATS  CORN  HAY 

10   20    0     10    0    10  20 


7 

Mc  HENRY 

WARD 

SHERIDAN 

8 

McLEAN 

MOUNTRAIL 

WILLIAMS 

BOTTINEAU 

9 

RENVILLE 

BURKE 

10 

SIOUX 

BOWMAN 

ADAMS 

GRANT 

SLOPE 

GOLDEN  VALLEY 

STARK 

HETTINGER 


12   BILUNGS 


\3 


Mckenzie 

DUNN 

OLIVER 

MORTON 

MERCER 

EMMONS 


JA-  DIVIDE 


I       I      I 


+-f 


NUMBER  OF  LIVESTOCK 
PER  100  ACRES  OF  CROPS 

CATTLE    HOGS     SHEEP 

;o  10  0  10  0  10  20 


Fig. 8— Distribution  of  the  Crop  Area  and  Classes  of  Livestock  by 
Counties  and  Type-of-Farming  Areas  in  North  Dakota 

The  same  enterprises  are  found  in  all  sections  of  the  State  but  in  different  propor- 
tions. Wheat,  oats,  flax,  and  hay  make  up  a  large  proportion  of  the  crop 
acreage  in  all  sections.    Corn  is  important  in  area  1 

TRENDS  IN  ACREAGE  OF  CROPS  AND  NUMBERS  OF  LIVESTOCK 

The  third  group  of  factors  considered  in  determining  the  type-of- 
farming  areas  in  the  State  relates  to  trends  in  production.    Shifts 
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in  the  acreage  of  crops  and  numbers  of  livestock  are  taking  place 
constantly  in  most  farming  areas.  A  knowledge  of  the  nature  of 
these  changes  and  of  the  direction  in  which  the  farming  types  are 
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WHEAT  FLAX       RYE    BARLEY 
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FiQ. 9— Distribution  OF  the  Farm  Area  and  Classes  of  Livestock  by 
Counties  and  Type-of- Farming  Areas  in  North  Dakota 

When  the  distribution  of  the  entire  farm  area  is  considered,  pasture  is  an  important 
item,  especially  in  the  southwestern  part  of  the  State 

moving  in  the  different  parts  of  a  State  is  essential  to  correct  delinea- 
tion of  type  areas. 

Determining  such  areas  on  the  basis  of  similarity  in  physical  con- 
ditions or  in  present  crop  and  livestock  organizations  alone  is  likely  to 
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be  misleading,  since  the  trends  in  these  organizations  in  the  counties 
so  grouped  may  be  diametrically  opposed  to  each  other.  The  farmers 
in  adjoining  counties,  for  example,  may  happen  to  have  the  same 
percentage  of  their  farm  area  in  the  same  crop  or  crops  at  any 
particular  time,  yet  may  be  moving  toward  different  types  of  farming. 

On  the  other  hand  the  two  groups  may  be  moving  in  the  same 
direction  yet  one  group  may  be  lagging  considerably  behind  the 
other.  Thus  in  almost  any  farming  community  a  small  minority 
of  farmers  will  be  found  who  are  considerably  in  advance  of  their 
neighbors  both  in  the  adoption  of  new  methods  and  practices  and 
in  the  selection  and  proportioning  of  the  different  crops  and  live- 
stock enterprises. 

With  the  view  of  determining  to  what  extent  differences  in  trends 
exist,  the  trend  in  acreage  of  each  crop,  as  shown  by  data  from  the 


>    26  '27   '28 

Fig.  10— Acreage  of  the  Important  Crops  in  North  Dakota,   Areas   I 

AND  2:  1909-1926 

The  downward  trend  in  wheat  acreage  in  these  areas  hns  been  accompanied  by  an 
upward  trend  in  the  acreage  of  corn,  oats,  barley,  and  hay.  Because  of  the  differ- 
ence in  the  size  of  the  different  areas,  the  acreages  shown  in  Figures  10,  11,  12, 
and  13  are  strictly  comparable  only  with  respect  to  trend 

Division  of  Crop  and  Livestock  Estimates  of  the  Bureau  of  Agricul- 
tural Economics  of  the  Department  of  Agi'iculture  was  determined 
for  the  various  counties  in  the  State.  The  results  of  this  analysis 
for  the  years  1909  to  1926  are  shown  in  Figures  10-13.  The  counties 
having  similar  trends  in  acreage  were  grouped  into  areas. 

VARIATION  IN  CROP  ACREAGE  TRENDS 

The  trend  in  the  acreage  of  the  different  crops  has  varied  consider- 
ably in  the  different  parts  of  the  State.  This  is  particularly  notice- 
able in  the  case  of  the  acreage  of  wheat,  the  most  important  crop 
grown  in  the  State.  The  trend  in  acreage  of  this  crop  from  the 
standpoint  (both  of  direction  and  of  rapidity  of  change)  has  been 
directly  opposite  in  some  areas.  In  general  the  trend  in  acreage  has 
been  downward  in  the  eastern  part  of  the  State  and  upward  in  the 

17320°— 28 3 
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western  part.  The  most  pronounced  downward  trend  has  been  in 
the  southern  part  of  the  Eed  Kiver  Valley  in  the  half-dozen  counties 
located  in  the  southeastern  part  of  the  State.     In  the  counties  just 
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Fig.  1 1— Acreage  of  the  Important  Crops  in  North  Dakota,  Areas  5.  6, 8, 

AND  14;  1909-1926 

The  acreage  of  wheat  and  all  crops  has  tended  upward  in  these  areas  for  the  entire 
period.  Year-to-year  changes  in  the  acreage  of  certain  crops  have  sometimes  been 
at  tile  expense  of  other  crops 

to  the  north  and  extending  as  far  west  as  Stutsman  and  Eddy 
Counties  the  same  tendency  downward  in  the  acreage  of  wheat  is 
to  be  noted  although  it  has  been  much  less  rapid. 

In  these  two  areas,  particularly  in  the  former,  the  trend  away  from 
wheat  has  been  accompanied  by  a  trend  toward  the  feed  crops,  such 
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Fig.  12.— Acreage  of  the  Important  Crops  in  North  Dakota.  Areas  3,4,  7, 

AND  9;  1909-1926 

In  contrast  to  areas  1  and  2  wheat  acreage  in  these  areas  has  been  relatively  con- 
stant. Rye  and  flax  acreage  have  increased  sliglitly  as  have  the  acreages  of  the 
feed  crops 


as  corn  and  hay,  and  to  a  somewhat  lesser  extent  toward  barley  and 
oats.  Since  1921  there  has  been  an  increase  in  the  flax  acreage  in 
both  areas. 
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In  the  counties  to  the  north,  adjoining  the  Canadian  border  and 
extending  over  to  the  central  part  of  the  State,  the  acreage  of  wheat 
has  fluctuated  rather  widely  from  year  to  year,  but  there  has  been 
no  pronounced  trend  upward  or  downward  for  the  years  for  which 
data  are  available.  Changes  in  wheat  acreage  from  year  to  year  in 
these  areas  have  been  offset  almost  entirely  by  opposite  changes  in 
the  barley,  rye,  and  flax  acreages. 

In  the  counties  south  and  west  of  the  Missouri  River,  as  well  as 
in  the  counties  just  to  the  east  and  north  of  the  river,  and  in  Divide 
County,  in  the  extreme  northwestern  corner  of  the  State,  there  has 
been  a  pronounced  upward  trend  in  the  total  acreage  of  wheat  and 
a  still  more  pronounced  increase  in  the  acreage  grown  per  farm. 
The  up-and-down  fluctuations  from  year  to  year  have  been  counter- 
balanced by  opposite  changes  primarily  in  rye  or  flax.  Corn  and 
barley,  in  addition,  have  been  important  alternative  crops  in  the 
counties  in  the  southwestern  corner  of  the  State. 


1909  -10 


FiQ.  13.— Acreage  of  the  Important  Crops  in  North  Dakota,  Areas  10, 
II.  12.  AND  13;  1909-1926 

There  has  been  a  pronounced  upward   trend  in   the  acreage  of  all   crops  in   these 
areas  in  the  southwestern  part  of  the  State 

REASONS  FOR  ACREAGE  CHANGES 

A  thorough  analysis  of  the  factors  causing  both  long-time  and 
year-to-year  changes  in  the  acreage  of*  the  important  crops  has  not 
been  made.  A  number  of  correlation  studies  were  made,  however,  in 
the  different  type-of-farming  areas  in  the  State  in  an  attempt  to 
get  at  the  factors  determining  the  fluctuation  in  the  acreage  of  wheat 
in  each  of  them.  Largely  because  of  the  poor  character  of  the  data 
relating  to  acreage  the  results  of  these  correlation  studies  are  not 
considered  conclusive.*  Their  chief  value  at  present  lies  in  indicating 
what  more  detailed  studies,  based  upon  more  adequate  data,  subse- 
quently may  establish  as  the*  more  important  factors  instrumental 
in  causing  both  long-time  and  year-to-year  shifts  in  acreage. 

Because  of  the  differences  in  trend  in  acreage  in  the  different  areas, 
and  also  because  of  more  homogeneity  in  organizations  and  conditions 
in  specific  areas,  the  analysis  was  made  by  type-of-farming  areas. 
Farmers  tend  to  shift  the  acreages  of  particular  crops  in  response  to 
changes  in  price  relationships  and  other  factors  according  to  the 


*The  coefficients  of  multiple  correlation  (R)  varied  from  0.66  to  0.92  in  these  areas. 
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peculiar  conditions  prevailing  on  their  farms.  By  localizing  the 
analysis  as  much  as  possible,  the  chance  that  compensating  factors 
will  enter  to  smooth  out  the  significant  variations  and  relationships 
is  lessened. 

The  results  of  the  analysis  of  changes  in  wheat  acreages  in  the 
different  areas  point  to  the  conclusion  that  the  most  important  factors 
determining  both  long-time  and  year-to-year  changes  in  wheat  acre- 
age are  as  follows:  The  price  of  wheat;  the  ratio  of  the  acre  value 
of  wheat  to  the  acre  value  of  alternative  grains;  and  climatic  con- 
ditions at  seeding  time.  Another  factor  which  probably  has  had 
some  effect  in  certain  areas,  though  not  subject  to  statistical  measure- 
ment, is  the  damage  from  black  stem  rust  and  the  presence  of  noxious 
weeds  such  as  wild  oats,  quack  grass,  and  sow  thistle.  The  growing 
infestation  of  these  weeds  unquestionably  has  been  a  factor  in  causing 
the  shift  from  w^heat  toward  intertilled  crops  in  parts  of  the  Red 
River  Valley. 

Wlien  the  ratio  of  the  acre-value  of  wheat  to  the  acre-value  of 
alternative  grains  is  high  (in  favor  of  wheat),  at  time  of  seeding, 
apparently  farmers  in  all  areas  of  North  Dakota  tend  to  increase  the 
acreage  of  wheat  seeded.  The  amount  of  the  increase,  however,  varies 
in  different  parts  of  the  State,  a  given  change  in  the  ratio  resulting 
in  greater  changes  in  acreage  in  certain  areas  than  in  others. 

This  is  particularly  true  in  those  areas  such  as  southeastern  North 
Dakota,  in  which  alternative  opportunities  in  the  production  of  feed 
crops  are  so  readily  available.  In  years  in  which  wheat  prices  are 
low  in  comparison  with  the  prices  of  livestock  and  livestock  prod- 
ucts, farmers  apparently  tend  to  reduce  their  acreage  of  wheat  con- 
siderably and  replace  it  with  increased  acreages  of  the  feed  crops 
such  as  corn,  barley,  and  hay,  which  are  marketed  through  livestock. 
On  the  other  hand,  when  w^heat  prices  are  relatively  high  they  again 
increase  their  wheat  acreage  and  cut  down  on  the  feed  crops.  Much 
the  same  relationships  are  to  be  noted  between  changes  in  wheat  and 
other  cash-crop  acreages,  such  as  flax  and  rye. 

Farmers  apparently  are  more  influenced  by  relative  than  by  ac- 
tual wheat  prices  at  time  of  seeding,  but  changes  in  actual  wheat 
prices  previous  to  seeding  time  seem  to  have  an  influence  upon  the 
acreage  seeded.  When  prices  received  for  the  previous  year's  crop 
of  wheat  have  been  high,  farmers  have  tended  to  increase  the  acre- 
age of  wheat  seeded  in  the  spring  of  the  current  year. 

The  other  factor,  climatic-  conditions  at  seeding  time,  also  appar- 
ently has  some  influence  upon  the  acreage  seeded.  This  influence 
varies  considerably  in  the  different  parts  of  the  State.  In  the  Red 
River  Valley,  particularly  in  the  southern  part,  the  acreage  of  wheat 
seeded  decreased  somewhat  when  there  was  heavy  March  and  April 
rainfall.  In  this  area,  with  its  level  terrain  and  heavy  type  of  soil, 
it  does  not  take  a  great  deal  of  rainfall  to  keep  farmers  out  of  the 
field ;  if  this  loss  of  time  is  prolonged  it  will  obviously  cause  a  reduc- 
tion in  fhe  acreage  seeded. 

The  effect  of  this  factor  upon  acreage  seeded  in  other  parts  of  the 
State  is  of  much  less  importance,  and  such  effect  as  it  has  is  directly 
opposite  to  the  effect  in  the  area  just  cited.  In  the  areas  in  the 
western  part  of  the  State  the  analysis  shows  that  increases  in  early 
spring  rainfall  were  accompanied  by  increases  in  acreage  of  wheat 
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seeded  and  vice  versa.  This  direct  relationship  between  changes  in 
early  spring  rainfall  and  changes  in  acreage  seeded  is  to  be  expected 
in  areas  such  as  these  where  the  total  rainfall  verges  on  the  minimum 
for  successful  crop  production.  Furthermore,  in  these  dry  areas,  it 
may  be  that  the  amount  of  rainfall  in  the  late  summer  and  fall 
months  will  affect  acreage  seeded  the  next  spring  as  much  or  more 
than  does  the  rainfall  at  time  of  seeding.  The  amount  of  moisture 
which  can  be  stored  the  previous  year  is  often  an  important  determi- 
nant of  the  next  year's  crop. 

Under  ordinary  .conditions  the  effects  of  these  climatic  factors  are 
more  directly  related  to  year-to-year  changes  in  acreage  than  they 
are  to  the  trend  in  acreage.  Yet  they  are  not  unimportant  even  in 
influencing  the  trend.  Probably  the  most  important  effect  in  this 
direction  is  due  to  the  influence  of  climate  upon  yield  of  crops  and 
the  relation  of  this,  in  turn,  to  the  profitableness  of  the  crop.  In  a 
semiarid  country  a  succession  of  dry  years  may  have  a  discouraging 
influence  not  only  upon  the  expansion  of  the  acreage  of  a  particular 
crop  but  even  in  the  maintenance  of  that  acreage.  Under  such  con- 
ditions, if  at  all  prolonged,  there  is  likely  to  be  a  rather  wholesale 
migration  away  from  the  particular  area  either  toward  the  city  or 
toward  more  humid  agricultural  areas.  Such  movements  obviously 
may  have  a  pronounced  influence  upon  the  trend  in  the  acreage  of 
one  or  all  crops. 

Another  factor,  which  has  not  been  taken  into  account,  includes 
the  introduction  of  new  varieties  of  crops,  adoption  of  new  methods 
and  practices,  and  use  of  improved  machinery.  All  of  these  things 
may  have  a  great  deal  of  influence  in  causing  new  lands  to  be  brought 
into  cropping  or  in  causing  one  crop  to  expand  faster  than  another. 

No  doubt  there  are  other  factors  that  have  an  influence  upon  acre- 
age changes,  some  of  which  are  not  susceptible  to  statistical  measure- 
ment. The  factors  which  have  been  discussed  have  been  found  to 
have  an  influence.  *  Until  more  accurate  data  are  available  and  a 
more  thorough  analysis  is  made,  however,  these  results  should  be  con- 
sidered as  tentative. 

TYPICAL  FARMING  SYSTEMS  IN  EACH  TYPE-OF-FARMING 
AREA  IN  NORTH  DAKOTA 

The  dominant  types  of  farming  in  the  various  major  type-of-farm- 
ing  areas  are  different.  The  dominant  type  of  farming,  however,  is 
not  found  to  the  exclusion  of  all  other  types  in  any  of  these  type 
areas,  for  in  each  area  a  considerable  variation  is  found  in  the  kinds 
of  farming  carried  on  by  individual  farmers. 

In  area  1,  for  example,  the  dominant  type  of  farming  includes  some 
dairy  or  beef  cattle,  some  hogs,  and  crops  grown  primarily  for  feed 
as  well  as  the  cash  grain  crops  wheat,  rye,  or  flax.  But  many  farms 
in  this  area  are  devoted  almost  entirely  to  cash-grain  production — ^to 
the  practical  exclusion  of  feed  crops  and  livestock.  On  other  farms 
feed  crops  and  livestock  are  of  primarj^  importance  and  little  or  no 
attention  is  given  to  cash-grain  production. 

A  number  of  important  factors  are  responsible  for  the  differences 
in  the  kinds  of  farming  carried  on  by  different  farmers  in  the  same 
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area  who  are  operating  under  very  similar  conditions.  One  of  the 
most  important  reasons  is  the  fact  that  some  farmers  act  more 
promptly  than  others  in  adjusting  their  farming  business  to  changing 
conditions  that  affect  the  selection  of  profitable  enterprises.  In 
southeastern  North  Dakota,  for  example,  there  is  a  distinct  trend 
toward  mixed  grain  and  livestock  farming.  Nevertheless,  some 
farmers  in  this  area  are  sti]l  operating  on  a  straight  cash-grain  basis, 
similar  to  the  type  of  farming  generally  followed  a  decade  or  more 
ago.  Thus  the  present  differences  in  the  organization  of  farms  in 
this  area  are  due  in  part  to  the  slow  response  of  some  farmers  to  the 
conditions  which  have  favored  the  growth  of  mixed  grain  and  live- 
stock farming  as  contrasted  with  the  pioneer  type  of  cash-grain  pro- 
duction. 

Other  factors  are  also  partly  responsible  for  the  differences  in  the 
kinds  of  farming  carried  on  by  farmers  operating  in  the  same  general 
type-of-farming  area.  The  available  supply  of  family  labor  often 
has  an  important  bearing  upon  the  relative  importance  of  enterprises 
on  different  farms  in  the  same  area.  The  production  of  butterfat, 
for  exampje,  requires  more  labor  throughout  the  year  than  the  pro- 
duction of  beef.  Thus  some  farmers,  who  have  ample  assistance  in 
the  way  of  family  labor,  may  keep  dairy  or  dual-purpose  cows 
whereas  other  farmers  who  lack  such  assistance  keep  beef  cattle. 
The  available  supply  of  family  labor  or  of  regular  hired  labor  is  an 
important  factor  affecting  the  reaction  of  different  farmers  to  the 
same  general  economic  and  natural  conditions. 

Local  differences  in  soil  type,  topography,  or  other  natural  condi- 
tions are  often  responsibje  for  rather  wide  differences  in  the  organiza- 
tion of  farms  in  the  same  locality.  The  presence  of  areas  of  good 
farming  land  in  some  of  the  range  territory  of  the  southwestern  part 
of  the  State,  for  example,  accounts  for  the  fact  that  moderate-sized 
mixed  grain  and  livestock  farms  are  found  alongside  of  the  ranches. 

The  size  of  farms  from  the  standpoint  of  total  acreage  included 
also  reflects  the  influence  of  many  factors.  During  a  period  of  settle- 
ment the  size  of  farms  reflects  to  a  large  degree  the  land  policy  with 
respect  to  the  acreages  sold.  Thus,  much  of  the  land  in  North  Dakota 
was  settled  in  quarter-section  homesteads.  In  1900  about  three- 
fourths  of  the  farms  in  McHenry,  McLean,  Ward,  Williams,  and 
Bottineau  Counties  were  approximately  one-quarter  section  in  size, 
thus  indicating  the  effect  of  the  homestead  policy  upon  size  of  farms. 
Twenty-five  years  later,  however,  less  than  one-fifth  of  the  farms  in 
these  counties  were  of  the  original  homestead  size.  This  change  in 
the  size  of  farms  took  place  because  most  farmers  found  it  necessary 
to  operate  farms  of  one-half  to  three-quarters  of  a  section  or  larger  in 
order  to  operate  at  a  profit. 

After  the  settlement  period  is  passed  the  prevailing  size  of  farms 
tends  to  approximate  the  size  which  most  farmers  can  handle  most 
effectively  considering  the  type  of  farming  commonly  followed. 
Thus  the  half-section  farm  has  come  to  be  rather  typical  in  most  sec- 
tions of  North  Dakota.  There  are  many  farmers  who  operate  larger 
areas,  but,  on  the  other  hand,  some  smaller  farms  are  found  in  all 
sections  of  the  State.  These  smaller  farms  often  represent  the 
division  of  a  larger  farm  among  the  several  heirs  of  the  former 
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operator,  or  the  continued  operation  of  the  farm  that  was  settled  as 
a  homestead. 

The  most  common  systems  of  crop  and  livestock  organization  on 
farms  in  the  various  type-of-farming  areas  are  shown  in  Figure  14. 
The  320-acre  farms  were  most  common  in  all  but  two  of  the  localities 
for  which  detailed  data  were  obtained  as  to  size  of  farms,  and  crops 
and  livestock  grown  on  individual  farms.  In  one  of  these  areas,  in 
Logan  County,  the  480-acre  farms  were  most  numerous ;  in  the  other, 
in  Mountrail  County,  the  160-acre  farms  were  most  numerous.^ 

A  comparison  of  the  most  common  farming  systems  on  half-section 
farms  in  the  various  parts  of  the  State  illustrates  in  a  general  way 
the  differences  in  the  dominant  farming  types  in  the  different  areas. 
The  data  as  to  crops  and  livestock  on  typical  farms  in  Towner  and 
Sargent  Counties,  for  example,  show  the  difference  between  the  cash- 


FiG.  14— Most  Common   Farming  Systems  in  Selected  Areas  in   North 

Dakota 

Half-section  farms  are  most  common  In  eastern  North  Dakota,  with  the  exception  of 
area  5,  where  three-quarter  section  farms  are  most  numerous.  Wheat  is  the  out- 
standing crop  in  all  sections.  Corn  is  a  close  second  in  area  1  but  is  not  so 
important  in  the  other  areas.  Pasture  area  on  typical  half-section  farms  south 
of  the  Missouri  River  is  about  twice  as  great  as  on  farms  of  the  same  size  in 
the  northwestern  part  of  the  State.  Rye  is  an  important  crop  in  McIIenry 
County 

grain  farniing  that  is  fairly  typical  of  the  northern  part  of  the  State 
and  the  mixed  grain  and  livestock  farming  which  is  more  typical  of 
the  southern  and  particularly  the  southeastern  parts  of  the  State. 
(Fig.  14.)  In  Towner  County,  190  of  the  255  acres  in  crops  on  the 
typical  320-acre  farms  are  devoted  to  wheat,  flax,  and  rye,  whereas 
in  Sargent  County  only  85  acres  are  devoted  to  these  crops.  On  the 
other  hand,  165  acres  of  feed  crops,  oats,  barley,  corn,  and  hay  are 
grown  in  Sargent  County,  as  contrasted  with  65  acres  of  these  crops 
in  Towner  County.  From  4  to  9  cows,  but  practically  no  hogs,  are 
kept  on  the  Towner  County  farms,  whereas  5  to  12  cows  and  3  to  10 
sows  are  kept  on  the  typical  half -section  farms  of  Sargent  County. 

^The  area  in  Mountrail  County  is  located  in  the  hill  section  where  probably  a  consid- 
erable amount  of  *'  free  "  grazing  is  done  with  the  quarter-section  farms  actually  reported 
representing  only  the  headquarters  of  owned  or  leased  land  operated.  The  farms  in  this 
locality  therefore  are  not  typical  of  the  strictly  farming  sections  of  the  area. 
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METHOD  OF  SELECTING  TYPICAL  FARMS 

The  typical  systems  of  farming  which  are  presented  for  each 
of  the  important  type-of-farming  areas  in  the  State  are  the  result 
of  a  detailed  analysis  of  special  tabulations  of  census  data  for  1924. 
Representative  subareas  comprising  from  four  to  eight  contiguous 
townships  were  selected  in  each  type  area,  and  the  detailed  organi- 
zation of  all  the  farms  therein  were  analyzed  and  used  as  a  basis 
for  generalization  respecting  the  organizations  of  the  total  number 
of  farms.  With  one  exception  the  number  of  farms  in  the  selected 
areas  was  between  150  and  400.  This  number  represents  a  sample 
which  is  large  enough  to  be  reliable  under  conditions  usually  obtain- 
ing in  this  State,  especially  for  the  more  common  types  of  organiza- 
tion. The  extreme  farms,  however,  are  not  quite  so  reliable.  They 
represent  unusual  conditions  and  must  be  considered  as  such. 

The  method  of  analyzing  these  data  to  find  the  typical  farm  or- 
ganization in  area  1  is  discussed  below.  The  same  method  was  tised 
in  the  other  areas. 

In  area  1  detailed  information  was  obtained  on  approximately  500 
farms,  in  two  subareas,  one  in  Sargent  County  and  one  in  Cass 
County. 

SIZE  OF  FARM 

Distribution  by  size  groups  of  the  farms  in  the  selected  areas  of 
Cass  and  Sargent  Counties  is  shown  in  Table  2.  There  are  more 
farms  in  the  241-400-acre  group  than  in  any  other.  Since  most  of 
the  farms  in  this  group  are  approximately  320  acres  in  size  the  half 
section  farm  may  be  regarded  as  the  most  common  size  of  farm  in 
this  area.  About  one-third  of  the  farms  in  Cass  County  and  over 
two-fifths  of  the  farms  in  Sargent  County  are  of  this  size.  A  rela- 
tively larger  proportion  of  the  Sargent  County  farms,  however,  are 
240  acres  or  less,  whereas  the  three-quarter  section  farms  or  larger 
are  more  common  in  Cass  County. 


Table  2. 


-Distribution  of  farms  bij  size  groups  in  selected  area^  in  Cass  and 
Sargent  Counties,  N.  Dak.,  1924 


Size  group  (acres) 

Percentage    of    all 
farms  in  eacli  size 
group  in  the  se- 
lected areas  in — 

Size  group  (acres) 

Percentage    of    all 
farms  in  each  size 
group  in  the  se- 
lected areas  in— 

Cass 
County 

Sargent 
County 

Cass 
County 

Sargent 
County 

240  and  under 

Pr  cent 
16.0 
34.0 
20.6 
18.0 

Per  cent 

31.6 

44.5 

13.2 

6.5 

721  to  880 

Per  cent 
2.6 
4.6 
4.0 

Per  cent 
1.9 

241  to  400                         

881  to  1,040.    

L4 

401  to  5fi0 

1,041  and  over .  . 

.8 

561  to  720 - 

Census  data  indicate  that  since  1900  there  has  been  an  upward 
tendency  in  the  number  of  farms  of  320  and  480  acres.  The  number 
of  160-acre  farms  during  this  same  period  has  been  declining.  For 
the  very  large  farms  there  has  been  but  little  change,  although  the 
relative  importance  of  these  larger  farms  has  decreased  somewhat. 


TYPES   OF   FARMING   IN    NORTH   DAKOTA  25 

VARIATION    IN    ORGANIZATIONS    ON    FARMS    OF    DIFFERENT    SIZES 

There  is  considerable  variation  in  the  organization  of  farms  of  the 
same  size  as  well  as  in  groups  of  farms  of  different  sizes.  An  im- 
portant indication  of  the  type  of  farming  followed  is  the  proportion 
of  the  crop  area  devoted  to  the  production  of  the  cash-grain  crops — 
wheat,  rye,  and  flax.  The  proportions  of  the  farms  in  the  different 
size  groups  having  various  percentages  of  their  crop  area  in  cash 
crops  are  shown  in  Figure  15. 

Approximately  two-thirds  of  the  farms  are  in  the  three  size-groups 
ranging  from  241  to  720  acres,  most  of  these  being  half  section,  three- 
quarter  section  and  section  farms.  The  distribution  of  the  farms  in 
these  three  size  groups  according  to  the  proportion  of  the  crop  area 
in  cash  crops  is  very  similar.  (Fig.  15.)  From  60  to  75  per  cent  of 
the  farms  in  each  of  these  groups  have  31  to  60  per  cent  of  the  crop 
area  in  cash  crops.  On  the  half  section  and  section  farms  from  31  to 
40  per  cent  of  the  crop  area  in  cash  crops  is  most  common.  On  the 
three-quarter  section  farms,  41  to  50  per  cent  in  cash  crops  is  most 
common  although  there  are  nearly  as  many  farms  having  51  to  60  per 
cent  of  their  crop  area  in  cash  crops. 

The  farms  in  the  240  and  under  and  721-acre  and  over  groups  are 
distributed  somewhat  differently.  For  example,  in  the  under  240- 
acre  group,  most  of  the  farms  of  which  are  160  acres  in  size,  the 
greatest  number  of  farms  are  found  in  the  20  and  20-30  per  cent  cash- 
crop  groups  and  approximately  three-fourths  of  the  farms  have  less 
than  40  per  cent  of  their  crop  area  in  cash  crops.  In  the  larger 
groups,  on  the  other  hand,  the  farms  have  considerably  more  of  their 
crop  area  in  cash  crops  and  are  distributed  more  irregularly.  These 
larger  farms  tend  either  to  differ  very  widely  in  the  proportion  of 
their  crop  area  in  cash  crops  or  to  be  grouped  into  two  or  three  com- 
mon groups.  This  irregularity  in  grouping  is  to  be  accounted  for 
largely  by  the  small  number  of  farms  found  in  these  large  groups. 
Only  4  per  cent  of  the  total  number  of  farms  are  found  in  the  groups 
ranging  above  721  acres  in  size.  Because  of  this  and  because  the  con- 
ditions on  very  large  /arms  are  likely  to  be  divergent  even  in  the  same 
area,  it  is  difficult  to  select  an  organization  which  will  represent  ac- 
curately what  the  group  as  a  whole  follows. 

The  frequency  distribution  of  the  farms  in  the  selected  area  in 
Cass  County  is  similar  to  that  in  the  selected  area  in  Sargent  County 
and  for  that  reason  is  not  presented  here.  There  is  this  one  differ- 
ence, however,  to  which  attention  should  be  called — the  farms  as  a 
whole  in  Cass  County  have  a  higher  percentage  of  their  crop  area  in 
cash  crops.  As  a  result,  a  larger  proportion  of  the  farms  are  found 
in  the  classes  having  40  per  cent  or  more  of  their  crop  area  in  cash 
crops ;  hence  the  peak  of  the  distribution  is  shifted  somewhat  to  the 
right  though  its  shape  is  still  essentially  the  same.  It  is  largely  be- 
cause of  this  fact  that  typical  farming  systems  have  been  set  up 
separately  for  each  of  these  localities  in  area  1. 

A  classification  of  all  the  farms  on  the  basis  of  the  most  important 
enterprise  indicates  how  the  farms  of  different  sizes  distribute  them- 
selves and  whether  the  same  organization  tends  to  persist  throughout 
the  different  size-groups.  But  it  does  not  show  how  the  other  crop 
and  livestock  enterprises  are  distributed,  nor  does  it  show  in  what 
17320°— 28 4 
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Fig.  15— Frequency  Distribution  of  Farms  of  Different  Sizes  Accord- 
ing TO  Percentage  OF  Crop. Area  in  Cash  Crops  in  Selected  Townships 
IN  Sargent  County,  N.  Dak. 

Distribution  of  farms  according  to  the  percentage  of  the  crop  area  In  cash  crops 
is  very  similar  for  the  three  important  size-groups,  the  half  section,  three- 
quarter  section,  and  section  farms 
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varying  combinations  the  cash  and  other  crops  and  livestock  are 
found.  A  more  detailed  analysis  of  the  complete  organization  of 
the  individual  farms  of  the  several  size-groups  is  necessary  to  obtain 
this  information  or  to  find  which  organizations  are  most  common. 
Figure  16  suggests  a  way  of  determining  what  is  the  more  common 
organizations  on  farms  of  a  particular  size  and  further  indicates 
something  of  the  various  combinations  of  enterprises  which  may  be 
found  on  farms  such  as  these,  producing  under  similar  conditions. 
The  organization  of  each  of  the  320-acre  farms  in  the  selected  locality 
in  southeastern  North  Dakota  is  indicated  in  Figure  16.  The  half- 
section  farm  is  the  most  common  size  o*f  farm  in  this  locality.  There 
are  90  farms  of  this  size,  but  only  78  were  used  since  12  of  them  were 
not  representative  because  of  crop  failures  in  1924. 
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Fig.  16— Organization  of  Seventy-eight  320-Acre  Farms  in  a  Selected 
Locality  in  Southeastern  North  Dakota 

There  obviously  is  no  such  thing  as  a  so-called  "  average  "  320-acre  farm.  There 
are  on  the  contrary  at  least  three  distinct  groups,  one  with  a  very  high  propor- 
tion of  the  crop  area  in  cash  crops,  another,  which  is  the  most  common  with 
medium  acreage  of  cash  crops,  and  a  third  with  a  low  acreage  of  cash  crops. 
There  is  a  tendency  for  the  smaller  acreage  of  cash  crops  to  be  offset  by  larger 
acreages  of  oats,  barley,  corn,  and  hay 

There  is  a  marked  variation  in  the  organizations  on  these  farms; 
yet  each  farm  is  not  distinctive  or  in  a  class  by  itself.  In  fact,  there 
is  an  apparent  tendency  for  the  farmers  to  divide  themselves  into 
fairly  distinct  groups.  To  facilitate  the  grouping,  the  data  regarding 
the  farms  were  first  arrayed  and  plotted  on  the  basis  of  total  cash 
crops  and  then  the  data  regarding  the  other  crops  and  livestock 
handled  on  each  of  the  farms  were  added  to  give  an  idea  of  the  com- 
plete organization. 

Considering  the  grouping  first  from  the  standpoint  of  total  cash 
crops,  the  range  in  cash  crops  varies  from  none  to  as  high  as  70  per 
cent  of  the  total  crop  area,  and  the  array  closely  resembles  the 
familiar  ogive  curve.  The  most  common  or  representative  organi- 
zation found  has  from  30  to  50  per  cent  of  its  crop  area  in  cash 
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crops.®  In  this  case  it  is  desirable  to  divide  this  class  into  two  sub- 
classes in  order  that  a  somewhat  narrower  range  in  organization  may 
be  obtained. 

Both  above  and  below  this  modal  group  are  found  smaller  groups 
of  farms  which  have  larger  or  smaller  acreages  of  cash  crops.  These 
groups  center  around  60  per  cent  and  20  per  cent  cash  crops,  re- 
spectively, and  each  comprises  approximately  20  per  cent  of  the  total 
number  of  farms.  The  kind  and  amount  of  the  other  enterprises 
found  with  these  different  cash-crop  groups  were  obtained  by  sub- 
sorting  each  group  on  the  basis  of  the  particular  enterprises  in 
question. 

There  is  a  fairly  definite  relationship  between  the  acreage  of  cash 
crops  and  the  acreage  of  the  feed  crops.  Farms  with  a  high  per  cent 
of  the  area  in  cash  crops  have  a  low  per  cent  of  their  area  feed  crops, 
and  vice  versa.  The  chart  does  not  show  as  close  a  relationship  be- 
tween the  livestock  and  crops  as  would  be  expected.  This  is  to  be  ac- 
counted for  in  part  by  the  small  number  of  livestock  in  the  State 
as  a  whole  and  in  part  by  the  fact  that  only  females  used  for  breed- 
ing are  shown  here.  Were  the  other  classes  of  livestock  included,  the 
relationship  might  be  more  evident.  Moreover,  the  females  on  hand 
on  January  1,  as  shown  by  the  census  figures,  do  not  give  the  true 
situation  with  respect  to  the  total  livestock  handled  on  these  farms. 
The  census  data,  taken  as  of  January  1,  obviously  may  not  reckon 
with  these  numbers  at  all.  In  a  livestock  section  it  is  necessary  to 
supplement  the  census  data  with  other  data  to  cover  this  situation. 

An  additional  fact  which  may  also  partially  account  for  the  lack 
of  closer  agreement  between  crops  and  livestock  is  to  be  found  in  the 
sale  of  certain  of  the  feed  crops  such  as  barley  and  oats.  When 
this  is  the  case  the  empirical  designation  of  oats  and  barley  as  feed 
crops  as  against  wheat,  rye,  and  flax  as  cash  crops,  is  obviously  of 
doubtful  value.  Were  data  available  to  show  the  exact  situation 
under  all  these  conditions,  it  is  likely  that  the  relationship  between 
all  the  feed  crops,  including  hay  and  pasture,  would  be  much  closer 
and  more  clear-cut.  The  fact  that  the  crops  grown  primarily  for 
feed  are  about  as  dominant,  and  are  nearly  equal  to  the  cash  crops  in 
importance,  in  this  locality  makes  the  complementary  relationship 
between  the  two  less  distinct  and  more  difficult  to  show. 

That  the  complementary  relationship  is  more  distinct  in  a  locality 
where  the  cash  crops  dominate  the  farming  more  completely  is  illus- 
trated by  the  way  in  which  the  most  common  size  of  farms  in  a  se- 
lected locality  in  north-central  North  Dakota  distribute  themselves. 
(Fig.  17.)  In  this  locality  the  compensation  between  the  cash  crops 
and  crops  grown  primarily  for  feed  is  evidently  much  more  clear- 
cut  and  distinct. 

Such  a  method  of  analysis  as  has  been  sketched  above  gives  a 
basis  for  determining  what  are  the  typical  farming  systems  in  area 
1  for  the  various  sizes  of  farms.  These  as  well  as  similar  systems 
arrived  at  in  the  same  way  for  other  type-of-farming  areas  in  the 
State  are  presented  below. 

« The  most  common  or  modal  class  in  an  ogive  distribution  always  lies  between  the 
points  of  inflection  on  the  curve,  these  being  in  this  curve  at  30  per  cent  and  50  per 
cent  cash  crops.  That  is,  the  modal  class  will  always  Include  the  items  within  the  limits 
of  the  flattest  part  of  the  curve. 
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TYPICAL  FARMING  SYSTEMS  FOR  FARMS  OF  DIFFERENT  SIZES  IN 
EASTERN  NORTH  DAKOTA 

Within  the  eastern  portion  of  North  Dakota,  which  comprises  the 
territory  east  of  a  line  drawn  from  the  western  boundary  of  Kolette 
County  south  along  the  western  edge  of  Pierce,  Wells,  Burleigh, 
Logan,  and  Mcintosh  Counties,  lies  the  most  important  crop-pro- 
ducing region  of  the  State.  Conditions  within  this  region  are  prob- 
ably more  homogeneous  than  for  any  other  like  area  in  the  State, 
but  there  is  considerable  range  in  the  character  of  the  farming  sys- 
tems followed.    There  are,  in  fact,  six  distinct  type-of-farming  areas. 
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FlQ.  17.-0RGANIZATI0N  OF  EIGHTY  320-ACRE  FARMS  IN  A  SELECTED  LOCALITY 

IN  North-Central  North  Dakota 

The  cash  crops,  wheat,  rye,  and  flax,  are  much  more  important  on  half-section 
farms  in  north-central  than  in  southeastern.  North  Dakota.  The  complementary 
relationship  between  the  cash  and  feed  crops  is  apparently  more  distinct  in  this 
chart  than  in  Figure  16 


This  divergence  in  organization  is  clearly  indicated  in  Figure  18, 
which  shows  how  the  most  common  size  of  farms  in  the  different 
type-of-farming  areas  are  distributed  with  respect  to  the  proportion 
of  crop  area  planted  to  cash  crops.  The  farms  in  certain  of  the  type- 
of-farming  areas,  notably  2,  4,  and  5,  have,  on  the  whole,  a  larger 
proportion  of  their  crop  area  in  cash  crops  than  do  some  of  the  others. 
The  shape  of  the  distribution  also  varies  considerably  in  the  different 
areas  as  it  is  more  nearly  normal  in  some  than  in  others.  Were  the 
other  important  size  groups  presented,  such  as  the  160,  480,  and  640 
acre  farms,  the  same  general  distribution  would  appear.  In  the 
larger-sized  groups,  however,  there  would  be  less  regularity,  since 
the  number  of  farms  found  in  them  is  not  large  enough  to  give  much 
stability  to  the  distribution. 
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Fig.  18— Frequency  Distribution,  by  Type-of- Farming  Areas,  of  the 
Most  Common  Size  of  Farms  (320  Acres),  Classified  According  to 
Percentage  of  Total  Crop  Area  in  Cash  Crops 

Farms  with  relatively  small  proportion  of  cash  crops  are  most  numerous  in  areas  1 
and  7.  In  areas  4,  9,  and  11  almost  half  of  the  farms  have  over  70  per  cent  of 
the  crop  areas  in  wheat,  rye,  and  flax 
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Table  3. — Typical   farming  systems   for   farms   of   different   sizes   in  Sargent 

County,  N.  Dak. 


160-acre 
farms  i— 

Most 
common 

320-acre  farms  i 

480-acre 
farms ' — 

Most 
common 

Crop  or  livestock  enterprise 

Small 

in  cash 
crops 

Most 
common 

Medium 

acreage 

in  cash 

crops 

Large 
acreage 
in  cash 

crops 

All  crops                                                   

Acres 
126 
20 
12 
0 
18 
26 
30 
20 
25 

Number 
6  to  10 
2  to    5 

Acres 
240 
25 
25 
0 
35 
50 
60 
45 
60 

Number 
9  to  12 
6  to  12 

Acres 
250 
60 
25 
0 
40 
40 
50 
36 
60 

Number 
5  to  12 
3  to  10 

Acres 
250 
75 
30 
15 
30 
35 
35 
30 
50 

Number 
5  to  12 
3  to  10 

Acres 

266 

120 

40 

0 

15 

50 

25 

15 

35 

Number 
5  to  10 
2  to    6 

Acres 
365 

Wheat      

110 

Flax                                     

45 

Rye 

0 

Barley 

35 

Oats                                      

60 

Corn    

55 

Hay                             

60 

Pasture                                            .  .  .  . 

65 

Livestock: 

Cows 

Number 
8  to  12 

2  to  10 

1  Farms  of  different  size  represent  the  following  percentages  of  the  total  number  of  farms:  160  acres,  32 
per  cent;  320  acres,  46  per  cent;  480  acres,  13  per  cent. 

Table  4. — Typical  farming  systems  for  farms  of  different  sizes  in  Ca^s  County, 

N.  Dak. 


160-acre 
farms  »  — 

Most 
common 

320-acre  farms  » 

480-acre 
farms '  — 

Most 
common 

640-acre 
farms » — 

Most 
common 

Crop  or  livestock  enterprise 

Small 
acreage 
in  cash 

crops 

Most 
common 

Large 
acreage 
in  cash 

crops 

All  crops                                  ...      . 

Acres 

135 

60 

16 

10 

i! 

20 

7 
20 

Number 
3  to  8 
0to6 

Acres 
275 
66 
16 
15 
30 
65 
55 
50 
30 

Number 
7  to  14 
OtolO 

Acres 
275 
125 
20 
0 
37 
37 
36 
20 
30 

Numb/er 

4  to  12 

0to8 

Acres 
285 
140 
45 
30 
10 
26 
25 
10 
20 

Number 
4  to  5 
0to3 

Acres 
410 
135 
60 
30 
35 
65 
65 
20 
50 

Number 
10  to  16 
OtolO 

Acres 
560 

Wheat 

180 

Flax  

86 

Rye 

45 

Barley 

50 

Oats 

90 

Com 

70 

Hay 

Pasture 

40 
50 

Livestock: 

Cows 

Number 
5  to  12 

Sows -  

0to20 

'  Farms  of  different  size  represent  the  following  percentages  of  the  total  number  of  farms: 
per  cent;  320  acres,  33  per  cent;  480  acres,  20  per  cent;  640  acres,  18  per  cent. 
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TYPICAL   ORGANIZATION    IN    AREA    1 


The  more  common  systems  of  farming  found  on  the*  different  sizes 
of  farms  in  the  two  selected  localities  in  Cass  and  Sargent  Counties 
are  shown  in  Tables*  3  and  4.  The  most  common  size,  of  farm  in 
each  locality  is  320  acres.  In  each  of  these  tables  the  organization 
which  more  farmers  (on  a  given  size  of  farm)  follow  than  any 
other  is  designated  as  the  "most  common."  In  other  words,  it 
is  the  typical  or*  most  representative  organization  in  the  locality 
for  that  size  of  farm.  On  either  side  of  this  most  common  organiza- 
tion are  shown  other  organizations  which  vary  significantly  from  it. 
These  are  designated  as  low  cash,  medium  cash,  and  high  cash  crop 
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farms,  as  the  case  may  be.  For  the  size  groups  other  than  for  the 
most  common  size  of  farm  only  the  most  common  organization  is 
shown  for  each. 

SARGENT   COUNTY 

The  most  common  organization  in  the  selected  area  in  Sargent 
County  on  the  half-section  farms  has  from  31  to  40  per  cent  of 
the  crop  area  in  cash  crops.  Table  3.  The  cash  crops  are  mostly 
wheat  and  flax.  The  other  crops  grown — ^barley,  oats,  com,  and 
hay — are  of  about  equal  importance,  except  that  the  acreage  of  hay 
is  slightly  smaller  than  that  of  the  other  crops.  About  one-fourth  of 
the  farms  of  this  size  in  Sargent  County  have  this  organization,  but 
there  are  almost  as  many  (22  per  cent)  that  have  from  41  to  50  per 
per  cent  of  their  crop  area  in  cash  crops.  Still  other  organizations  in 
which  cash  crops  occupy  both  a  smaller  (21  to  30  per  cent)  and  a 
larger  percentage  (51  to  60  per  cent)  of  the  area  are  found.  These 
comprise  respectively  14  and  11  per  cent  of  the  half-section  farms. 

Similar  organizations  are  found  on  the  other  sizes  of  farms. 
About  one-fourth  of  the  crop  area  is  in  cash  crops  in  the  most 
common  organization  on  the  160-acre  farms.  On  the  480-acre  farms 
cash  crops  run  somewhat  higher,  occupying  between  40  and  45  per 
cent  of  the  crop  area.  In  each  case,  from  one-fourth  to  one-third 
of  the  farmers  follow  an  organization  which  varies  little  from  that 
designated  as  most  common. 

In  this  as  well  as  in  all  the  other  areas  in  the  State  it  was  found 
that  the  livestock  organizations  varied  considerably  on  farms  that 
have  the  same  crop  organization.  For  this  reason  the  range  in  the 
usual  numbers  of  livestock  are  shown  instead  of  specific  numbers. 
Further,  on  different  sized  farms  it  was  not  at  all  uncommon  to 
find  more  livestock  on  the  smaller  farms  than  on  the  larger  farms, 
even  when  the  same  proportions  of  crops  were  grown  on  each. 
There  does  not  appear  to  be  any  very  good  reason  why  this  situation 
should  exist  other  than  that  some  farmers  make  a  better  utilization 
of  their  resources  than  do  others.  It  may  be  that  the  farmers  on  the 
smaller  farms  are  driven  to  a  more  intensive  type  of  farming  by  the 
sheer  necessity  of  maintaining  their  income  from  a  relatively  small 
acreage. 

CASS   COUNTY 

The  most  common  organization  both  on  the  dominant  and  other 
size  groups  of  farms  in  Cass  County  has  a  higher  proportion  of  the 
crop  area  in  cash  crops  than  does  the  same  organization  in  Sargent 
County.  On  the  320-acre  farms  there  is  a  range  in  cash  crops  from 
30  per  cent  on  the  low  cash  crop  farms  to  75  per  cent  on  the  high 
cash  crop  farms.  The  most  common  organization  has  from  51  to  60 
per  cent  of  the  crop  area  in  cash  crops  in  Cass  County.  About  one- 
third  ^  (34  per  cent)  of  the  farms  of  this  size  have  this  type  of 
organization. 

The  farming  systems  in  these  two  selected  localities  in  Sargent 
and  Cass  County  typify  fairly  well  the  kind  of  farming  that  is  car- 
ried on  in  the  other  contiguous  counties  in  the  area.  This  whole  area 
has  been  tending  rapidly  toward  a  mixed  cash-crop  and  livestock 
type  of  farming,    This  is  particularly  true  in  the  counties  in  the 
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southern  part  of  the  area  of  which  Sargent  is  representative.  The 
same  tendency  is  found  in  Cass  and  La  Moure  Counties,  but  the  shift 
has  not  been  so  rapid.  Although  the  majority  of  farmers  in  area  1 
are  tending  toward  a  more  diversified  type  of  farming  there  are  still 
a  number  of  farmers  who  follow  a  strictly  cash-crop  type  of  farming. 

TYPICAL   ORGANIZATIONS    IN   AREA   2 

Immediately  to  the  north  of  area  1  are  found  the  nine  counties 
comprising  area  2.  Here  again,  two  samples  were  taken  in  separate 
localities.  One  of  these  is  in  Barnes  County  in  the  southern  part 
of  the  area  and  the  other  in  Grand  Forks  County  in  the  north. 
The  organization  of  approximately  440  farms  were  analyzed  in 
the  two  selected  localities  as  a  basis  for  determining  the  prevailing 
farming  systems  in  this  area. 

The  more  common  systems  of  farming  found  in  each  locality  are 
shown  in  Tables  5  and  6.  The  half -section  farm  is  again  the  most 
common  size  of  farm,  comprising  about  one-third  (34  and  35  per 
cent)  of  the  total  number  of  farms  in  each  county.  On  this  size  of 
farm  the  most  common  organization  is  practically  the  same  in  the 
two  counties.  The  chief  differences  are  a  somewhat  higher  pasture 
and  oats  area  and  lower  crop  acreage  in  Barnes  County.  In  both 
counties  about  61  to  TO  per  cent  of  the  crop  area  is  in  cash  crops. 
Approximately  45  per  cent  of  the  half-section  farms  in  these  counties 
follow  this  organization. 


Table  5. 


-Typical  farming  systems  for  farms  of  different  sizes  in  Barnes  County, 
N.  Dak. 


• 

160-acre 
farms  *  — 

Most 
common 

320-acre  farms  *  — 

480-acre 
farms  >  — 

Most 
common 

Crop  or  livestock  enterprise 

Small 
acreage 
in  cash 

crops 

Most 
common 

Large 
acreage 
in  cash 

crops 

640-acre 

farms  i  — 

Most 
common 

All  crops... 

Acres 
115 
60 
10 

0 
10 
15 

5 
15 
40 

Ntimber 
3  to  9 
Oto  4 

Acres 
240 
105 
25 
0 
25 
40 
20 
25 
65 

Number 
Oto9 
Oto  4 

Acres 
245 
120 
40 
0 
20 
30 
15 
20 
60 

Number 
Oto  9 
Oto  4 

Acres 
260 
130 
45 
25 
5 
30 
10 
15 
45 

Number 
Oto  3 
Oto  2 

Acres 
380 
165 
45 
0 
35 
55 
30 
50 
80 

Number 
Oto  12 
Oto   4 

Acres 
500 

Wheat 

170 

Flax                                          

75 

Rye      

25 

Barley                                   

50 

Oats 

75 

Corn               

35 

Hav 

70 

Pasture 

120 

Livestock: 

Cows 

Number 
8  to  15 

Sows 

3  to    5 

1  Farms  of  different  size  represent  the  following  percentages  of  the  total  member  of  farms: 
per  cent:  320  acres,  34  per  cent;  480  acres,  18  per  cent;  640  acres,  15  per  cent.  ^ 
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Table  6. — Typical  farming  systems  for  farms  of  different  sizes  in  Grand  Forks 

County,  N.  Dak. 


Crop  or  livestock 
enterprise 


All  crops.. 
Wheat 
Flax... 
Rye... 
Barley 
Oats... 
Corn.- 
Hay... 

Pasture 

Livestock: 
Cows.. 
Sows.. 


160-acre  farms  i 


Me- 
dium 


in  cash 
crops 


Acres 
120 
36 

\     2  12 

15 
20 
17 
20 
25 

Number 
0to7 
Oto3 


Large 
acreage 
in  cash 

crops 


Acres 
130 
60 

2  20 

10 

25 

6 

10 
20 

Number 
0to7 
0to2 


320-acre  farms 


Me- 
dium 
acreage 
in  cash 
crops 


Acres 

255 

65 

250 

35 
35 
30 
40 
45 

Number 
2  to  10 
Oto    6 


Most 
com- 
mon 


Acres 
260 
115 

2  40 

20 

45 
15 
25 
40 

Number 
Oto  8 
Oto  4 


Large 
acreage 
in  cash 

crops 


Acres 
275 
150 

265 

16 
30 
10 
15 
25 

Number 
Oto  8 
Oto  2 


480-acre  farms 


Me- 
dium 


in  cash 
crops 


Acres 
410 
125 

2  40 

55 
85 
35 
70 
40 

Number 
3  to  10 
Oto   5 


Most 
com- 
mon 


Acres 
410 
185 

2  70 

40 
65 
20 
30 
40 

Number 
3  to  10 
Oto    5 


640-acre  farms 


Small 


in  cash 
crops 


Acres 
520 
130 

r      45 

L  20 

100 
105 
40 
80 
80 

Number 
6  to  10 
2  to    7 


Most 
com- 
mon 


Acres 
510 
205 
75 
16 
40 
80 
40 
55 
90 

Number 
6  to  10 
Oto   5 


>  Farms  of  different  size  represent  the  following  percentages  of  the  total  number  of  farms:  160  acres,  25 
per  cent;  320  acres,  35  per  cent;  480  acres,  22  per  cent;  640  acres,  12  per  cent. 
2  Rye  or  flax. 


A  comparison  of  this  organization  in  these  two  counties  with  the 
most  common  organization  on  the  half -section  farms  in  Cass  County 
shows  considerable  agreement  between  the  two.  So  far  as  the  acre- 
age of  wheat  is  concerned  they  are  almost  the  same — the  Cass  County 
organization,  however,  has  only  about  one-half  as  much  flax.  On  the 
other  hand,  it  is  considerably  greater  in  feed  crops,  particularly  in 
corn  and  barley,  and  in  cattle  and  hogs. 

In  the  other  size  groups  there  is  a  greater  difference  in  the  most 
common  organizations  both  as  between  Barnes  and  Grand  Forks 
and  between  either  of  them  and  Cass  County.  On  the  480-acre  f arms^ 
for  example,  the  most  common  organization  in  Barnes  County  has 
only  380  acres  in  crops,  165  acres  of  which  are  in  wheat  and  45 
acres  in  flax.  In  Grand  Forks  County,  on  the  other  hand,  there 
are  410  acres  in  crops,  185  acres  of  which  are  in  wheat,  and  70  acres 
in  flax  or  rye.  On  the  640-acre  farms,  however,  the  most  common 
organizations  are  similar,  each  area  having  between  54  and  58  per 
cent  of  the  crop  area  in  cash  crops. 

Among  the  160-acre  farms,  which  comprise  about  twice  as  many 
of  the  total  number  of  farms  in  Grand  Forks  County  as  in  Barnes 
County  the  most  common  organization  is  one  having  from  61  to 
70  per  cent  of  the  crop  area  in  cash  crops.  In  Grand  Forks  County 
there  is  a  rather  distinct  bimodal  distribution  on  farms  of  this 
size — one  group  had  around  40  per  cent  of  its  crop  area  in  cash  crops 
and  the  other  between  60  and  70  per  cent. 

In  both  of  these  counties  the  same  organization  persists  through- 
out the  different  size  groups.  Thus  the  most  common  organization 
on  the  160-acre  farms  has  61  per  cent  of  its  crop  area  in  cash  crops. 
On  the  320-acre  farms  it  has  60  per  cent  in  cash  crops,  in  the  480- 
acre  group  it  has  62  per  cent  in  cash  crops,  and  in  the  640-acre 
group  it  has  58  per  cent  in  cash  crops. 
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TYPICAL  ORGANIZATIONS  IN  AREA  3 

There  are  only  two  counties  in  area  3 — Pembina  and  Walsh.  The 
organizations  of  242  farms  in  a  locality  in  Pembina  County  were 
used  in  determining  the  prevailing  farming  systems  throughout  the 
area.  The  more  common  systems  of  farming  found  in  this  area  are 
shown  in  Table  7.  The  half-section  farm  is  still  the  most  common 
size,  but  there  are  almost  as  many  quarter-section  farms,  the  propor- 
tion of  the  total  of  each  being  35  and  32  per  cent  respectively. 

On  the  half-section  farms  the  most  common  organization  is  one 
having  from  50  to  55  per  cent  of  the  crop  area  in  cash  crops.  From 
•one-fourth  to  one-third  of  the  farmers  on  the  half-section  farms 
follow  this  organization.  The  wheat  acreage  in  this  organization  is 
considerably  lower  than  is  found  in  the  comparable  organization  in 
the  counties  in  area  2.  (Compare  Table  7  with  Tables  5  and  6.)  The 
corn  acreage  is  also»  lower.  The  oats  acreage  on  the  other  hand  is 
considerably  higher,  as  is  the  hay  acreage.  There  is  not  a  great 
deal  of  difference  in  the  livestock  organization  except  that  sheep 
are  found  to  be  much  more  important  in  Pembina  County.  This 
county,  in  fact,  has  more  sheep  than  any  other  county  in  the  State. 

There  are  other  farmers  on  this  same  size  farm  who  follow  organ- 
izations with  both  higher  and  lower  acreages  of  cash  crops,  ranging 
from  95  acres  on  the  farms  having  small  acreages  of  cash  crops  to 
195  acres  on  the  farms  with  large  acreages  of  cash  crops.  Approxi- 
mately one-fourth  of  the  farmers  on  the  half-section  farms  follow 
these  organizations. 


Table  7.- 


-Typical   farming  systems  for  farms  of  different   sizes   in  Pemhincu 
County,  N,  Dak. 


160-acre  farms  » 

320-acre  farms  » 

480-acre  farms  i 

Crop  or  livestock  enterprise 

Small 
acreage 
in  cash 

crops 

Most 
common 

SmaU 
acreage 
in  cash 

crops 

Most 
common 

Large 
acreage 
in  cash 

crops 

Small 
acreage 
in  cash 

crops 

Medium 

in  cash 
crops 

All  crops  . 

Acres 
125 
30 

}      .:5 

10 

45 

5 

20 
30 

Number 
2to6 
Oto  3 
Oto  5 

Acres 
135 
60 

»20 

10 

35 

5 

5 

20 

Number 
Oto  4 
Oto  2 
Oto  5 

Acres 
270 
65 

30 

30 
70 
15 
60 
35 

Number 
4  to  7 
Oto  2 
Oto  5 

Aaes 
260 
90 

«50 

15 
65 
10 
30 
45 

Number 
3  to    6 
Oto    2 
Oto  10 

Acres 
270 
120 

«70 

15 
65 
0 
10 
35 

Number 
2  to  4 
Otol 
Oto  2 

Acres 

400 

80 

f           40 

\           20 

50 

100 

20 

90 

55 

Number 
3  to    8 
Oto    2 
Oto  14 

Acres 
410 

Wheat 

125 

Flax    ... 

60 

Rye 

35 

Barley.. 

40 

Oats 

90 

Corn 

10 

Hay.. 

50 

Pasture 

45 

Livestock: 

Cows.  ..  .  

Number 
3  to    7 

Sows 

Oto    2 

Sheep 

Oto  11 

1  Farms  of  different  size  represent  the  following  percentages  of  the  total  nimiber  of  farms:  160  acres,  32 
per  cent;  320  acres,  35  per  cent;  480  acres,  19  per  cent. 
*  Flax  or  rye. 


The  nature  of  the  organizations  on  the  other  sizes  of  farms  may 
be  seen  from  Table  7.  On  the  160-acre  farms  the  farmers  who  follow 
the  most  common  organization  have  about  60  per  cent  of  their  crop 
area  in  cash  crops.    There  is  also  another  organization,  which  about 
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15  per  cent  of  the  farmers  follow,  in  which  only  30  to  40  per  cent  of 
the  crop  area  is  in  cash  crops.  On  the  480-acre  farms  there  are 
two  organizations  which  are  about  of  equal  importance  so  far  as 
numbers  of  farmers  fo,llowing  each  is  concerned.  One  of  these  has 
about  35  per  cent  of  the  crop  area  in  cash  crops;  the  other  has  between 
50  and  55  per  cent  in  cash  crops. 

TYPICAL   ORGANIZATIONS   IN   AREA  4 

The  most  common  organizations  found  in  area  4  are  shown  in 
Tables  8,  9,  and  10.     The  organization  of  approximately  560  farms  in 
three  localities  were  used  as  a  basis  for  determining  the  prevailing, 
organizations  throughout  this  area.     These  localities  were  in  Cavalier, 
Benson,  and  Towner  Counties. 

The  primary  differences  between  the  farming  systems  in  this  area 
and  those  found  in  areas  1,  2,  and  3  are  a  somewhat  higher  acreage 
of  cash  crops  (particularly  for  wheat  and  rye)  and  a  lower  acreage 
in  corn.  In  fact,  in  Cavalier  and  Towner  Counties  there  is  no  corn 
except  on  a  very  few  farms.  In  Benson  County,  which  is  a  little 
farther  south,  there  are  a  few  acres  of  corn  on  most  of  the  farms. 
There  are  a  smaller  number  of  hogs  on  the  farms  in  this  area. 

The  organizations  in  Towner  County  on  a  whole  have  Jarger 
acreages  of  cash  crops  than  do  the  organizations  in  the  other  two 
selected  areas.  In  fact  this  county  is  one  of  the  most  important  cash- 
crop  areas  in  the  State.  Pierce,  Ramsey,  and  Wells  Counties  are 
probably  more  nearly  like  it  than  are  any  of  the  other  counties  in 
the  area. 

Table  8. — Tppical  farming  systems  for  farms  of  different  sizes  in  Cavalier 

County,  N.  Dale. 


160-acre 
farms  i  — 

Most 
common 

320-acre  farms  i  — 

480-acre 
farms  i  — 

Most 
common 

Crop  or  livestock  enterprise 

Small 
acreage 
in  cash 

crops 

Most 
common 

Large 

acreage 
in  cash 
crops 

farms  i  — 

Most 
common 

All  crops ... 

Acres 
135 
65 

Acres 
250 
75 

2  15 

35 
90 
0 
35 
60 

Number 
4  to  9 
0to3 

Acres 

255 

100 

f           15 

I           10 

40 

65 

0 

25 

45 

Number 
4  to  8 
0to3 

Acres 
265 
105 

}         2  65 

15 

65 

0 

i! 

Number 
0to6 
0to2 

Acres 
380 
150 

2  40 

65 
95 
0 
30 
60 

Number 
4  to  8 
0to2 

Acres 
535 

Wheat 

215 

Flax 

Rye 

Barley 

Oats 

Corn 

Hay 

Pasture 

1       ' 

13 
40 
0 
10 

15 

3  25 

85 
160 
0 
60 
60 

Livestock: 

Number 
0to4 
Otol 

Number 
4  to  7 

Sows 

0to2 

1  Farms  of  different  size  represent  the  following  percentages  of  the  total  number  of  farms:  160  acres,  16 
per  cent-  320  acres,  34  per  cent;  480  acres,  23  per  cent;  640  acres,  16  per  cent. 

2  Rye  and  flax.  t 
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Table  9. — Typical  farming  systems  for  farms  of  different  sizes  in  Benson  County, 

N.  Dak. 


160-acre  farms  i 

320-acre  farms  i 

480-acre 

farms  i 

640-acre 

Crop  or  livestock  enterprise 

Small 
acreage 
in  cash 

crops 

Most 
com- 
rnon 

Small 
acreage 
in  cash 

crops 

Most 
com- 
mon 

More 
cash 
crops 

Most 
com- 
mon 

Large 
acreage 
in  cash 

crops 

farms  i— 
Most 
com- 
mon 

All  crops 

Acres 
115 
50 

2  14 

10 
17 
7 
17 
30 

Number 
5  to  10 
0to2 

Acres 

115 

65 

220 

0 

15 

0 

15 

•        30 

Acres 

250 

120 

220 

20 

45 

10 

35 

50 

Number 
4  to  9 
0to3 

Acres 

255 

135 

2  30 

20 

40 

5 

25 

45 

Number 
4  to  9 
Oto3 

Acres 

260 

170 

2  25 

10 

30 

0 

25 

40 

Number 
0to6 

Acres 
375 
190 
2  35 
40 
50 
20 
40 
70 

Number 
5  to  10 
Oto3 

Acres 

375 

235 

2  45 

10 

50 

10 

25 

70 

Number 
3  to  8 
0to3 

Acres 
535 

Wheat 

375 

Flav 

2  55 

Barlev 

Oats 

20 
50 

Corn'. .. 

10 

Hay                                 

25 

Pasture 

75 

Livestock: 

Cows  

Nuv 

5tc 

01 

%ber 
)10 
02 

Number 
7  to  9 

Sows                          -  

Oto2 

1  Farms  of  different  size  represent  the  following  percentages  of  the  total  number  of  farms:  160  acres,  22 
per  cent;  320  acres,  34  per  cent;  480  acres,  24  per  cent;  640  acres,  11  per  cent. 

2  Flax  or  rye. 

Table  10. — Typical  farming  systems   for  farm^s   of   different   sizes  in  Towner 

County,  N.  Dak. 


320-acre  farms- 

480-acre 
farms  i— 

Most 
common 

640-acre 
farms  i— 

Most 
common 

800-acre 
farms  » — 

Most 
common 

Crop  or  livestock  enterprise 

Small 
acreage— 
in  cash 

crops 

Most 
common 

Large 
acreage— 
in  cash 

crops 

Acres 
255 
90 
35 
40 
10 
50 
0 
30 
40 

Number 
4  to  9 

Acres 

255 

100 

40 

50 

10 

40 

0 

15 

40 

Number 
4  to  9 

Acres 
255 
130 
35 
50 
0 
30 
0 
10 
30 

Number 
0to4 

Acres 
360 
200 
35 
55 
0 
55 
0 
15 
50 

Number 
2  to  5 

Acres 

480 

240 

60 

95 

10 

55 

0 

20 

80 

Number 
4  to  6 

Acres 
560 

Wheat 

225 

Flax 

85 

Rye 

110 

Barley 

45 

Oats... 

65 

Corn 

0 

Hay 

30 

Pasture 

125 

Livestock: 

Cows 

Number 
6  to  12 

Sows 

0to2 

1  Farms  of  different  sizes  represent  the  following  percentages  of  the  total  number  of  farms:  320  acres,  27 
per  cent;  480  acres,  29  per  cent;  640  acres,  16  per  cent;  800  acres,  8  per  cent. 

The  organizations  in  Benson  County,  on  the  other  hand,  are  prob- 
ably more  typical  of  the  organizations  in  Rolette  and  Cavalier. 
Rolette  County  does  not  fit  very  well  with  the  other  counties  in  this 
area,  but  fits  rather  better  than  with  the  counties  in  the  adjoining 
area,  area  9.  In  many  respects  the  organizations  in  this  county 
parallel  those  in  McHenry  County,  but  since  the  two  counties  are 
not  contiguous  they  are  kept  separate. 

TYPICAL    ORGANIZATION   IN    AREA   5 

Logan  and  Mcintosh  Counties  in  the  south-central  part  of  the 
State  comprise  area  5.  The  most  common  farming  systems,  as  shown 
by  an  analysis  of  the  organizations  of  203  farms  in  a  selected  locality 
in  Logan  County,  are  shown  in  Table  11. 
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The  farms  on  the  whole  are  larger  than  those  in  the  areas  just  dis- 
cussed. The  most  common  size  of  farm  is  480  acres,  as  compared 
with  320  acres  for  the  other  area.  Approximately  85  per  cent  of  all 
the  farms  in  this  selected  locality  in  Logan  County  are  from  320  to 
880  acres  in  size. 

Typical  farming  systems  are  presented  for  four  different  sizes  of 
farms.  On  the  480-acre  farms,  which  are  the  most  common  size,  the 
organizations  range  from  160  to  260  acres  in  cash  crops.  The  pri- 
mary variation  is  in  the  acreage  of  wheat.  The  acreage  of  flax 
and  rye,  most  of  which  is  flax,  is  about  the  same  in  the  different 
organizations.  ^ 


Table  11.- 


-Typlcal  farming  systems  for  farms  of  different  sizes  in  Logan  County, 
N.  Dak, 


Crop  or  livestock  enterprise 


All  crops.. 
Wheat 
Flax.. 
Barley 
Oats.. 
Corn.. 
Hay... 

Pasture... 

Livestock: 
Cows- 
Sows-. 


320-acre  farms  i 


Small 
acreage 
in  cash 

crops 


Acres 
220 
75 
2  25 
25 
15 
15 
65 
70 

Number 
7  to  11 
Oto   3 


Medium 

acreage 

in  cash 

crops 


Acres 

220 

100 

235 

20 

10 

5 

50 

70 

Number 
6  to  11 
Oto   3 


Large 
acreage 
in  cash 

crops 


Acres 

220 

130 

235 

15 

10 

5 

25 
70 

Number 
4  to  10 
Oto   3 


480-acre  farms 


Most 
common 


Acres 

320 

110 

250 

30 

15 

20 

95 

100 

Number 
7  to  11 
Oto   4 


More 
cash 
crops 


Acres 

330 

175 

245 

30 

15 

15 

60 


Number 
6  to  10 
Oto    5 


Large 
acreage 
in  cash 

crops 


Acres 

330 

205 

255 

16 

10 

5 

40 

90 

Number 
6  to  10 
Oto    5 


640-acre 
farms  '— 

Most 
common 


Acres 

376 

170 

235 

25 

20 

20 

105 

200 

Number 
10  to  19 
3  to    5 


800-acre 
farmsi— 

Large 
acreage 
in  cash 

crops 


Acres 

480 

240 

260 

35 

20 

20 

105 

220 

Number 
10  to  20 
3  to    8 


1  Farms  of  different  size  represent  the  following  percentages  of  the  total  number  of  farms:  320  acres,  26  per 
cent;  480  acres,  31  per  cent;  640  acres,  17  per  cent;  800  acres,  11  per  cent. 

2  Flax  and  rye. 

In  the  other  size  groups  the  most  common  organizations  have  about 
the  same  proportion  of  the  crop  area  in  cash  crops.  Most  of  the 
farms  of  all  size  groups  seem  to  range  in  organization  from  40  to  80 
per  cent  of  the  crop  area  in  cash  crops,  being  remarkably  uniform 
throughout.  That  is,  there  are  about  an  equal  number  of  farms  in 
each  10  per  cent  class  interval  between  these  ranges.     (Fig.  18.) 

The  chief  differences  between  the  organizations  in  this  area  and 
those  in  the  other  areas  discussed  are  a  considerably  lower  oats  acre- 
age and  a  higher  acreage  of  pasture.  The  hay  acreage  is  also  con- 
siderably larger  in  this  area  than  in  the  others,  with  the  exception  of 
area  1.  Although  this  area  is  in  the  same  latitude  as  area  1  the  corn 
acreage  is  very  much  lower.  The  cash  crops,  particularly  wheat  and 
flax,  make  up  a  large  proportion  of  the  crop  area ;  in  this  respect  this 
area  is  quite  similar  to  the  counties  in  area  4. 

TYPICAL  ORGANIZATIONS  IN  AREA   6 


Just  to  the  north  of  area  5  are  found  Burleigh  and  Kidder  Coun- 
ties, which  comprise  area  6.  The  most  common  organization  in  this 
area  is  shown  in  Table  12.     Since  data  for  only  80  farms  of  all  sizes 
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were  obtained  in  the  selected  area  in  Kidder  County  the  most  com- 
mon organization  in  this  instance  is  not  quite  so  reliable  as  are  simi- 
lar organizations  in  the  other  areas.  There  were  enough  320-acre 
farms,  however,  to  give  fairly  reliable  data  as  to  organization  for 
this  size  of  farm.  The  primary  difference  between  this  most  common 
organization  and  that  in  the  preceding  area  is  a  lower  acreage  in 
wheat,  flax,  and  barley,  and  a  somewhat  higher  acreage  in  rye  and 
oats.  There  were  not  enough  farms  in  the  other  size  groups  to  group. 
All  the  way  from  0  to  100  per  cent  of  their  crop  areas  were  devoted 
to  cash  crops.  Additional  data  are  needed  before  organizations  for 
these  other  groups  can  be  determined. 


Table  12. 


-Typical  farming  systems  for  farms  of  different  sizes  in  Kidder 
County,^  N.  Dak. 


Crop  or  livestock  enterprise 

320-acre 
farms  2— 

Most 
common 

Crop  or  livestock  enterprise 

320-acre 
farms  »— 

Most 
common 

All  crops 

Acres 
200 
50 
20 
20 
10 
25 
20 
55 

Pasture 

Acres 
100 

Wheat 

Livestock:                                             * 
Cows  . 

Flax     . . 

Number 

Rye 

6  to  1 

Barley 

Sows 

2  to  6 

Oats...  . 

Corn 

Hay 

>  See  discussion. 

2  Farms  of  320  acres  constituted  24  per  cent  of  the  total  number  of  farms. 

TYPICAL  FARMING  SYSTEMS  FOR  FARMS  OF  DIFFERENT  SIZES  IN 
NORTHWESTERN  NORTH  DAKOTA 

All  of  the  area  north  of  the  Missouri  River  and  west  of  a  line 
running  south  from  the  western  boundaries  of  Rolette,  Pierce,  and 
Wells  Counties  to  Burleigh  County  comprises  northwestern  North 
Dakota,  as  the  term  is  used  in  this  bulletin.  The  agi^iculture  of  this 
region  on  the  whole  is  more  strictly  a  cash-grain  type  of  farming 
than  is  true  of  eastern  North  Dakota  as  a  whole.  It  is  also  a  region 
of  lower  rainfall,  and  crop  yields  are  somewhat  more  variable 
than  in  the  eastern  part  of  the  State.  This  region  was  settled 
somewhat  later  than  the  area  to  the  east.  Because  of  variations  in 
crop  and  livestock  organizations  and  in  the  soil  and  climatic  condi- 
tions under  which  crops  are  produced,  the  region  is  divided  into 
four  type-of- farming  areas. 


TYPICAL  ORGANIZATIONS   IN  AREA  7 


Because  of  the  peculiarity  of  the  organizations  and  conditions  in 
McHenry  County,  it  was  placed  alone  to  comprise  area  7.  The  more 
common  organizations  in  this  county  for  the  different  sizes  of  farms 
are  shown  in  Table  13.  These  organizations  are  based  on  an  analysis 
of  165  farms  in  selected  contiguous  townships  in  the  county. 
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Table  13. — Typical  farming  systems  for  farms  of  different  sizes  in  McHenry 

County,  N.  Dak. 


160-acre  farms  i 

320-acre  farms  i 

480-acre  farms  i 

Crop  or  livestock  enterprise 

Most 
common 

Large 
acreage 
in  cash 

crops 

Medium 

acreage 

in  cash 

crops 

Most 
common 

Small 
acreage 
in  cash 

crops 

Large 
acreage 
in  cash 

crops 

Acres 
110 

Acres 
125 
45 

Acres 
260 
55 

Acres 
270 
90 

Acres 

340 

45 

15 

55 

Acres 
360 

Wheit                              

90 

Flax 

Rye      

30 

55 
15 
50 
45 
40 
50 

Number 

3  to  12 

1  to  7 

75 
10 
45 
30 
20 
40 

Number 
4  to  8 
0to2 

i25 

Barlev                                . 

Oats  ' 

15 
55 
40 
40 

Number 
0to8 
0  to4 

30 

15 

5 

25 

Number 
2  to  5 
0to2 

65 
75 
85 
120 

Number 
6  to  14 

2  to  6 

3  to  8 

55 

Corn                               ---  -     .. 

50 

Ha3^ 

40 

loa 

Livestock: 

Cows  -                         

Number 
10  to  15 

Sows 

1  to  4 

Sheep.--      --  ---  

1  Farms  of  different  size  repre.-ent  the  following  percentages  of  the  total  number  of  farms:  160  acres,  28 
per  cent;  320  acres,  38  per  cent;  480  acres,  18  per  cent. 

The  half-section  farm  is  the  most  common  size.  The  most  common 
organization  on  this  size  of  farm  has  165  acres  in  cash  crops  as 
against  105  acres  in  feed  crops.  The  distinctive  fact  about  this  or- 
ganization is  the  high  percentage  of  the  crop  area  which  is  in  rye.. 
This  county  is  the  greatest  rye  center  of  the  State.  The  large  acre- 
age of  rye  in  this  as  well  as  in  all  of  the  other  organizations  in  the 
county  are  to  be  accounted  for  by  the  sandy  type  of  soil.  Rye  does 
better  on  sandy  soil  than  do  the  other  small-grain  crops  and  is  grown 
for  this  reason.  Corn  and  oats  are  the  most  important  of  the  feed 
crops.  The  corn  acreage  in  this  county  is  higher  than  in  any  other 
part  of  the  State,  with  the  exception  of  area  1. 

About  one-third  of  the  farmers  on  the  half -section  farms  follow 
the  organization  designated  most  common.  On  the  same  size  of 
farm  approximately  20  per  cent  of  the  farmers  follow  an  organiza- 
tion with  smaller  acreages  of  cash  crops  and  correspondingly  larger 
acreages  of  feed  crops,  particularly  of  corn  and  hay.  The  remainder 
are  rather  scattered,  having  both  lower  and  higher  acreages  of  cash 
crops. 

On  the  160-acre  farms  the  most  common  organization  is  one  which 
has  no  cash  crops  at  all.  In  this  organization,  of  the  110  acres  in 
crops,  55  acres  are  in  corn  and  40  acres  are  in  hay;  the  other  15 
acres  are  in  oats  or  barley,  with  oats  predominating.  The  next  most 
important  organization  on  this  size  farm  is  one  which  has  a  very  high 
percentage  of  cash  crops,  running  as  high  as  60  per  cent  of  the  crop 
area. 

On  the  480-acre  farms  there  is  no  clearly  defined  model  group. 
The  two  most  common  organizations  have  either  large  or  small 
acreages  of  cash  crops.  On  those  having  the  small  acreages  of  cash 
crops  only  115  of  the  340  -crop  acres  are  in  cash  crops,  whereas  on 
those  having  the  high  cash  crop  organization  215  of  the  360  acres  in 
crops  are  in  cash  crops.  In  both  organizations  rye  is  the  most 
important  of  the  cash  crops. 
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TYPICAL  ORGANIZATIONS  IN  AREA  8 

Area  8  includes  McLean,  Sheridan,  Mountrail,  Williams,  and 
most  of  Ward  Counties.  About  330  farm  organizations  from  two 
special  localities  in  this  area  were  analyzed.  One  of  these  localities 
is  in  Mountrail  County  and  the  other  in  Williams  on  the  extreme 
western  boundary  of  the  State. 

The  more  common  farming  systems  in  each  of  these  counties  are 
shown  in  Tables  14  and  15.  The  most  common  size  of  farm  in  Mount- 
rail County  is  160  acres;  in  Williams  County  it  is  320  acres.  The 
locality  in  Mountrail  County  is  the  only  one  among  the  selected  lo- 
calities in  the  State  in  which  160-acre  farms  w^ere  found  to  be  more 
common  than  any  other  size.^  About  38  per  cent  of  the  total  number 
of  farms  are  of  this  size ;  30  per  cent  are  320  acres,  and  17  per  cent 
are  480  acres  in  size.  The  most  common  organization  has  75  of  the 
110  acres  in  cash  crops,  65  of  which  are  in  wheat.  Another  organi- 
zation which  is  next  to  the  most  common  in  importance  as  determined 
by  number  of  farmers  following  it,  has  55  acres,  or  just  one-half  of 
the  crop  area,  in  cash  crops.  No  corn  is  found  in  either  of  these 
organizations. 

On  the  half-section  farms  the  most  common  organization  has  120 
of  the  200  acres  in  cash  crops,  90  acres  of  which  are  in  wheat.  This 
means  about  60  per  cent  of  the  crop  area  is  in  cash  crops  as  compared 
with  70  per  cent  in  the  most  common  organization  on  the  160-acre 
farms  and  65  per  cent  on  the  480-acre  farms. '  From  one-fourth  to 
one-half  of  the  farms  in  each  size  group  follow  this  most  common 
organization. 


Table  14. 


-Typical  farming  systems  for  farms  of  different  sizes  in  Mountrail 
County,  N.  Dak. 


160-acre  farms  » 

320-acre  farms  <> 

480-acre 
farms  » — 

Most 
common 

Crop  or  livestock  enterprise 

Medium 
acreage 
in  cash 
crops 

Most 
common 

Small 
acreage 
in  cash 

crops 

Most 
common 

All  crops 

Acres 

110 

45 

10 

0 

6 

30 

0 

20 

40 

Number 
3  to  9 
0to2 
0to4 

Acres 
110 
65 
10 
0 
0 
20 
0 
15 
40 

Number 
Oto5 
0to2 
0to2 

Acres 

160 

50 

10 

0 

15 

40 

0 

45 

100 

Number 
7  to  13 
0to2 

Acres 
200 
90 

}         630 

10 
40 
0 
30 
100 

Number 
8  to  12 
0to2 

Acres 
300 

Wheat 

120 

Flax.. 

f             30 

1              45 

30 

Rye  ... 

Barley.... 

Oats     - 

45 

Com 

0 

Hay 

30 

Pasture 

120 

Livestock: 

Cows 

Number  ~ 
6  to  15 

Sows... 

0  to  2 

Sheep 

»  Farms  of  different  size  represent  the  following  percentages  of  the  total  number  of  farms: 
per  cent;  320  acres,  30  per  cent;  480  acres,  17  per  cent. 
*  Flax  or  rye. 

'  See  footnote  6. 
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Table  15. — Typical  farming  systems  for  farms  of  different  sizes  in  Williams 

County,  N.  Dak. 


Crop  or  livestock  enterprise 


All  crops .  - 
Wheat 
Flax... 
Eye... 
Barley 
Oats... 
Corn.. 
Hay- 
Pasture 

Livestock: 
Cows.. 
Sows.. 


320-acre  farms  i 

480-acre  farms  i 

160-acre 

• 

farms  i— 

Most 
common 

Medium 

Large 

Large 

acreage 
in  cash 

Most 
common 

acreage 
in  cash 

Most 
common 

acreage 
in  cash 

crops 

crops 

crops 

Acres 

Acres 

Acres 

Acres 

Acres 

Acres 

110 

200 

215 

215 

300 

320 

55 

85 

120 

135 

135 

175 

25 

30 

35 

40 

60 

85 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

10 

0 

20 

40 

30 

20 

35 

40 

0 

0 

0 

0 

0 

0 

10 

45 

30 

20 

60 

20 

35 

80 

65 

65 

100 

80 

Number 

Number 

Number 

Number 

N^imber 

Number 

0to6 

4  to  10 

4  to  9 

4  to  9 

6  to  9 

3  to  9 

Otol 

0to2 

Oto3 

0to2 

0to2 

Otol 

640-acre 
farms  i — 

Most 
common 


Acres 

400 

240 

70 

0 

0 


130 

Number 
6  to  14 
0to4 


1  Farms  of  different  size  represent  the  following  percentages  of  the  total  number  of  farms: 
cent;  320  acres,  42  per  cent;  480  acres,  21  per  cent;  640  acres,  12  per  cent. 


I  acres,  21  per 


In  Williams  County  about  42  per  cent  of  the  total  number  of 
farms  are  320  acres  in  size.  (Table  15.)  On  this  size  of  farm  the 
most  common  organ-ization  is  one  which  has  about  155  of  the  215 
crop  acres  in  cash  crdps.  About  70  per  cent  of  the  total  crop  area 
is  in  cash  crops  as  compared  with  60  per  cent  on  the  same  size  of 
farm  in  Mountrail  County.  There  are  other  organizations  on  this 
same  size  of  farm  with  both  lower  and  higher  acreages  in  cash  crops, 
ranging  from  115  to  175  acres. 

In  the  other  size  groups  the  most  common  organizations  range 
from  75  tO'  80  per  cent  on  the  160  and  640-acre  farms  down  to  65 
per  cent  on  the  480-acre  farms.  In  all  cases  wheat  is  the  most 
important  of  the  cash  crops.  Corn  is  not  found  on  any  of  the  farms 
and  barley  on  only  a  few  of  them.  Oats  is  the  most  important  feed 
crop. 

In  both  Mountrail  and  Williams  Counties  wheat,  flax,  and  oats 
are  the  predominant  crops.  These,  together  with  hay,  are  the  only 
crops  grown.  From  these  typical  organizations  it  is  apparent  that 
this  area  is  predominantly  a  cash-grain  area.  Livestock  production 
is  not  of  a  great  deal  of  importance  on  the  general  farms,  although 
there  are  some  ranches.  Cattle  are  by  far  the  most  important  of 
the  livestock  kept. 

TYPICAL   ORGANIZATIONS   IN   AREA  9 

There  are  three  counties  in  area  9 — Renville,  Bottineau,  and 
Burke,  and  part  of  Ward  County.  About  275  farms  in  a  selected 
area  in  Renville  County  were  taken  as  representative  of  the  total 
number  of  farms.  The  most  common  size  of  farm  is  the  half  section ; 
37  per  cent  of  the  total  number  are  of  this  size. 

The  organizations  which  are  most  commonly  found  are  shown  in 
Table  16.  Farms  of  the  most  common  size,  the  320-acre  farms,  have 
from  105  to  210  acres  in  cash  crops  out  of  a  total  of  255  to  260  acres 
in  all  crops.  The  most  common  organization  is  the  one  with  the 
highest  acreage  of  cash  crops.    This  is  also  true  of  the  480  and  640 
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acre  farms.  On  farms  of  the  latter  size  the  cash  crops  occupy  as 
much  as  82  per  cent  of  the  crop  area.  On  those  of  the  former  size 
they  occupy  somewhat  less  of  the  crop  area,  namely  72  per  cent. 
This  is  more  nearly  like  the  most  common  organization  on  the  160- 
acre  farms,  which  has  70  per  cent  of  the  crop  area  in  cash  crops. 

The  differences  between  the  organizations  in  this  area  and  those 
in  area  8  are  primarily  a  higher  acreage  in  barley,  corn,  oats,  wheat, 
and  hay,  and  a  lower  acreage  in  pasture. 

No  special  tabulations  were  made  for  Divide  County,  which  is 
area  14.  This  county  is  not  included  in  either  of  the  adjoining  areas 
because  of  important  differences  in  the  proportion  of  the  crop  area 
devoted  to  cash  crops,  especially  wheat.  The  average  yields  of  wheat 
and  other  crops  are  in  general  substantially  higher  than  in  either 
Burke  or  Williams  Counties.  The  proportion  of  cash  crops  in  this 
county  in  1924  was  the  highest  of  any  county  in  the  State. 

Table  16. — Typical  farming  systems  far  farms  of  different  sizes  in  Renville 

County,  N.  Dak. 


160-acre 
farms  i— 

Most 
common 

320-acre  farms  » 

480-acre  farms  i 

640-acre  farms  i 

Crop  or  livestock 
enterprise 

Small 
acreage 
in  cash 

crops 

Medium 
acreage 
in  cash 
crops 

Most 
common 

Medium 

in  cash 
crops 

Most 
common 

Medium 
acreage 
in  cash 
crops 

Most 
common 

All  crops. 

Acres 

125 

70 

»18 

7 

18 

3 

9 

25 

Number 
Oto5 

Acres 
255 
105 

Acres 
265 
145 
15 
10 
50 
10 
35 
40 

Number 
0to7 

Acres 

260 

170 

»40 

5 

25 

10 

10 

40 

Number 
0to5 

Acres 
400 
170 
»40 
20 
70 
20 
80 
75 

Number 
5  to  11 
Oto4 

Acres 

390 

205 

>80 

15 

55 

10 

25 

60 

Number 
0to6 

Acres 
510 
265 
»60 
20 
65 
20 
80 
80 

Number 
0to9 
3  to  4 

Acres 
535 
320 

Wheat - 

Flax 

i  120 

Barley 

15 
60 
25 
50 
50 

Number 

OtolO 

0to2 

15 

Oats 

50 

Corn 

10 

Hay 

20 

Pasture. -. 

70 

Livestock: 

Cows 

Number 
0  to  6 

Sows 

0  to  2 

1  Farms  of  different  sizes  represent  the  following  percentages  of  the  total  number  of  farms:  160  acres,  21  per 
cent;  320  acres,  37  per  cent;  480  acres,  22  per  cent;  640  acres,  11  per  cent. 
*  Flax  or  rye. 


TYPICAL  FARMING  SYSTEMS  FOR  FARMS  OF  DIFFERENT  SIZES  IN 
SOUTHWESTERN  NORTH  DAKOTA 

Southwestern  North  Dakota  comprises  the  territory  south  and  west 
of  the  Missouri  Kiver.  Both  in  physical  conditions  and  in  farming 
systems  this  region  is  distinct  from  other  parts  of  the  State.  Within 
this  territory  are  the  famous  Bad  Lands,  which  render  a  large  pro- 
portion of  Golden  Valley,  Billings,  Dunn,  and  McKenzie  Counties 
fit  only  for  grazing  purposes,  and  Slope,  Bowman,  Stark,  and 
Hettinger  Counties  to  a  somewhat  lesser  extent.  Such  tillable  land 
as  is  found  is  not  as  productive  as  that  in  most  of  the  other  sections 
of  the  State,  as  has  been  pointed  out.  (See  p.  12.)  Add  to  this  a 
rather  scanty  rainfall,  and  it  is  readily  apparent  that  this  region  is 
not  as  important  agriculturally  as  either  eastern  or  northwestern 
North  Dakota. 

Because  of  variations  in  organizations  and  physical  conditions 
the  region  was  divided  into  four  type-of-farming  areas.     The  dis- 
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tinction  between  the  farming  types  in  each  of  these  areas  hinges 
largely  on  the  variation  in  the  proportion  of  the  crops  grown. 
Throughout  the  region  wheat  is  the  predominant  crop,  with  hay 
second  in  importance.  The  pasture  area,  as  would  be  expected,  is 
very  large.  This  is  utilized  mostly  by  cattle;  sheep  are  of  minor 
importance  except  in  Slope  and  Bowman  Counties.  The  more  com- 
mon farming  systems  found  in  the  different  type-of -farming  areas 
are  presented  below. 

No  special  tabulations  were  made  for  areas  10  and  12.  A  large 
part  of  Sioux  County,  in  area  10,  is  an  Indian  reservation,  and  agri- 
culture is  not  of  much  importance.  The  farms  in  the  selected 
localities  in  Stark,  Hettinger,  and  Dunn  Counties  are  to  some  extent 
representatives  of  the  farms  in  Billings  County,  but  probably  thfe 
organizations  in  Billings  County  are  more  nearly  like  those  in  Dunn 
and  McKenzie  Counties. 


TYPICAL  ORGANIZATIONS  IN  AREA  11 

Area  11  comprises  Bowman,  Adams,  Grant,  Hettinger,  Stark,  and 
Slope  Counties.  Of  these  counties.  Stark  and  Hettinger  are  the 
most  important  from  the  standpoint  of  crop  production,  in  that  they 
have  more  tillable  farming  land  than  the  others.  Special  townships 
were  selected  in  Stark,  Hettinger,  and  Bowman  Counties,  and  the 
organizations  of  all  the  farms  therein  were  used  for  determining 
typical  organizations  throughout  the  area.  The  organizations  of 
slightly  over  400  farms  were  used  in  the  selected  townships  in  the 
three  counties.  The  townships  in  Stark  and  Hettinger  Counties  were 
contiguous  and  were  combined.  The  more  common  systems  of 
farming  are  shown  in  Tables  17  and  18. 

The  most  common  size  of  farm  in  Stark,  Hettinger,  and  Bowman 
Counties  is  the  half-section  farm.  There  is  not  a  great  deal  of  dif- 
ference in  the  number  of  320  and  480-acre  farms  in  each  county; 
there  is  a  greater  difference  in  the  organizations.  Stark  and  Het- 
tinger have  a  considerably  larger  proportion  of  the  crop  area  in 
cash  crops  than  does  Bowman. 

Table  17. — Typical  farming  systems  for  farm^s  of  different  sizes  in  Stark  and 
Hettinger  Counties,  N.  Dak. 


160-acre 
farms  i— 

Most 
common 

320-acre  farms  i 

480-acre  farms  i 

'  Crop  or  livestock 
enterprise 

Small 
acreage 
in  cash 

crops 

Medium 

in  cash 
crops 

Most 
common 

Large 
acreage 
in  cash 

crops 

Small 
acreage 
in  cash 

crops 

Medium 

acreage 

in  cash 

crops 

Most 
common 

All  crops       .  -  -  . 

Acres 
120 
70 
10 
0 
5 
15 
0 
20 
25 

Number 
3  to  6 
Oto4 

Acres 

210 

85 

20 

0 

15 

25 

.    10 

55 

90 

Number 
6  to  10 
Oto   8 

Acres 
210 
100 
30 
0 
15 
20 
10 
35 
90 

Number 
4  to  10 
Oto   8 

Acres 

220 

130 

30 

0 

10 

20 

6 

25 

80 

Number 
3  to  10 
Oto    6 

Acres 

220 

145 

45 

0 

5 

10 
0 
15 
80 

Number 
3  to  6 
Oto  2 

Acres 

270 

110 

40 

0 

15 

40 

15 

50 

170 

Number 
3  to  7 
Oto  6 

Acres 

310 

170 

40 

0 

15 

30 

10 

45 

130 

Number 
4  to  7 
Oto  6 

Acres 
320 

Wheat 

190 

Flax 

50 

Rye 

0 

Barley 

15 

Oats        

30 

Corn 

5 

Hay 

30 

Pasture            .  . 

120 

Livestock: 
Cows 

Number 
3  to  5 

Sows 

Oto  4 

1  Farms  of  different  size  represent  the  following  percentages  of  the  total  number  of 
farms :  160  acres,  11  per  cent ;  320  acres,  28  per  cent ;  480  acres,  26  per  cent ;  640  acres, 
17  per  cent ;  800  acres,  8  per  cent ;  1,000  ixcres,  5  per  cent ;  1,280  acres,  5  per  cent. 
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Table  17. — Typical  farming  systems  for  farms  of  different  sizes  in  Stark  and 
Hettinger  Counties,  N.  Dak. — Continued 


Crop  or  livestock  enterprise 


640-acre  farms  i 

800-acre 

1,000-acre 

Medium 
in  cash 

Large 
acreage 
in  cash 

farms  i— 

Most 
common 

farms  i — 

Most 
common 

crops 

crops 

Acres 

Acres 

Acres 

Acres 

380 

400 

500 

560 

185 

220 

300 

340 

45 

65 

90 

85 

0 

0 

0 

0 

25 

10 

25 

15 

40 

45 

35 

50 

15 

10 

0 

15 

70 

50 

50 

55 

180 

160 

160 

400 

Number 

Number 

Number 

Number 

8  to  14 

6  to  15 

6  to  10 

8  to  14 

Oto   6 

Oto   5 

Oto   6 

Oto  3 

1,280-acre 
farms ' — 

Most 
common 


All  crops.. 

Wheat 

Flax... 

Rye... 

Barley 

Oats... 

Corn.. 

Hay... 
Pasture 

Livestock: 
Cows.. 
Sows . . 


Acres 

480 

170 

70 

0 

40 

75 

30 

95 

700 

Number 
12  to  30 
1  to  11 


i  Farms  of  different  size  represent  the  following  percentages  of  the  total  number  of  farms:  160  acres,  11 
per  cent;  320  acres,  28  per  cent;  480  acres,  26  per  cent;  640  acres,  17  per  cent;  800  acres,  8  per  cent;  1,000  acres, 
5  per  cent;  1,280  acres,  5  per  cent. 


Table  18. 


-Typical  farming  systems  for  farms  of  different  sizes  in  Botcman 
County,  N.  Dak. 


Crop  or  livestock  enterprise 

320-acre 
farms  i— 

Most 
common 

480-acre 
farms  i— 

Most 
common 

640-acre 
farms  i — 

Most 
common 

1,280-acre 
farms  i— 

Most 
common 

2,000-acre 
farms  i— 

Most 
common 

All  crops. 

Acres 
170 
35 
10 
40 
0 
25 
10 
50 
120 

Number 

4  to  10 

Oto  3 

Acres 
180 
45 
10 
30 
10 
30 
10 
45 
240 

Number 
7  to  20 
Oto  2 

Acres 
260 
55 
20 
40 
0 
40 
25 
80 
320 

Number 
5  to  15 
Oto  14 

Acres 
480 
130 
25 
110 
15 
40 
40 
120 
720 

Number 

10  to  30 

Oto  4 

Acres 
510 

Wheat 

80 

Flax 

20 

Rye 

60 

Barley 

25 

Oats..-  . ..  

25 

Corn.  ... 

40 

Hay.. 

260 

Pasture .  . 

1,400 

Number 
10  to  20 
0 

Livestock: 

Cows 

Sows 

Sheep 

25  to  175 

1  Farms  of  different  size  represent  the  following  percentages  of  the  total  number  of  farms:  320  acres,  18 
per  cent;  480  acres,  16  per  cent;  640  acres,  11  per  cent;  1,280  acres,  15  per  cent;  2,000  acres,  5  per  cent. 

The  most  common  organization,  for  example,  on  the  320-acre 
farms  in  Bowman  County  has  50  per  cent  of  its  crop  acreage  in  cash 
crops,  whereas  in  Stark  and  Hettinger  Counties  the  same  organization 
has  almost  75  per  cent  of  the  crop  acreage  in  cash  crops.  On  this 
same  size  of  farm  in  Stark  and  Hettinger  Counties  the  acreage  in 
cash  crops  ranges  from  105  to  190  acres,  the  total  acres  in  all  crops 
in  each  case  being  210  and  220  acres. 

On  the  other  sizes  of  farms  the  most  common  organizations  have 
about  the  same  percentage  of  cash  crops.  Thus  cash  crops  occupy  75 
per  cent  of  the  crop  area  on  the  480-acre  farms,  60  to  70  per  cent  on 
the  640-acre  farms,  75  to  80  per  cent  on  the  800-acre  farms,  and  75 
to  80  per  cent  on  the  1,000-acre  farms.    On  the  160-acre  and  1,280- 
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acre  farms  the  percentage  is  lower,  being  around  65  per  cent  on  the 
former  and  50  per  cent  on  the  latter. 

In  Bowman  County,  cash  crops  are  of  less  importance  in  the  crop 
area  as  they  form  about  50  per  cent  in  the  most  common  organization 
on  alj  the  different  sizes  of  farms  except  on  the  very  large  farms 
where  they  form  about  30  per  cent. 

TYPICAL  ORGANIZATIONS  IN  AREA  13 

Area  13  comprises  the  tier  of  counties  along  the  Missouri  River 
including,  from  east  to  west,  Emmons,  Morton,  Oliver,  Mercer,  Dunn, 
and  McKenzie  Counties.  About  625  farms  from  two  representative 
localities  in  Dunn  and  Morton  Counties  were  used  for  determining 
the  prevailing  farming  systems.  The  more  important  organizations 
found  in  each  of  these  counties  are  shown  in  Tables  19  and  20. 
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There  is  not  a  great  deal  of  difference  in  the  number  of  160,  320, 
and  480-acre  farms,  each,  respectively,  representing  24,  28,  and  20 
per  cent  of  the  total  in  Dunn  County  and  15,  27,  and  23  per  cent  in 
Morton  County. 

The  organizations  on  the  320-acre  farms  (the  most  common  in 
size)  in  Dunn  County  range  from  60  to  as  high  as  150  acres  in  cash 
crops,  out  of  a  total  of  200  to  220  acres  in  all  crops.  The  most 
common  organization  has  110  acres  in  crops,  or  50  per  cent  of  the 
crop  area.  Wheat  constitutes  about  90  per  cent  of  the  total  cash 
crops.  Oats  and  hay  are  the  most  important  feed  crops.  On  the 
other  sizes  of  farms  considerable  range  in  cash  crops  is  found :  40  to 
75  per  cent  on  the  160-acre  farm,  from  40  to  70  per  cent  on  the  480- 
acre  farm,  from  40  to  75  per  cent  on  the  640-acre  farm,  and  from  55 
to  75  per  cent  on  the  farms  over  640  acres  in  size. 

In  Morton  County,  on  the  other  hand,  the  mo3t  common  organiza- 
tion (the  group  with  large  acreage  in  cash  crops)  on  the  320-acre 
farms  has  75  per  cent  of  the  crop  area  in  cash  crops.  This  is  some- 
what higher  than  is  found  in  Dunn  County.  The  percentages  of 
cash  crops  on  the  other  sizes  is  as  follows:  160-acre  farms,  65  per 
cent;  480-acre  farms,  65  per  cent;  640-acre  farms,  75  per  cent;  800- 
acre  farms,  65  per  cent;  1,280-acre  farms,  65  per  cent.  It  is  ap- 
parent that  the  same  organization  persists  to  a  large  degree  through- 
out the  different  size  groups. 

Barley,  oats,  and  corn  are  about  equally  important  in  the  Morton 
County  organizations,  whereas  in  the  Dunn  County  organizations 
barley  is  practically  negligible,  and  oats  more  important  than  corn. 
Hay  is  more  important  in  Dunn  County  than  in  Morton  County. 

USES  TO  WHICH  RESULTS  MAY  BE  PUT 

The  results  of  these  studies  of  typical  farming  systems  may  be 
used  in  several  lines  of  important  work,  including  the  outlining  of 
agricultural  programs  and  determining  profitable  adjustments  in 
production.  They  may  also  be  used  as  a  base  in  planning  other 
studies. 

USE  OF  RESULTS  IN  OUTLINING  AGRICULTURAL   PROGRAMS 

In  recent  years  a  great  deal  of  attention  has  been  directed  toward 
the  development  of  State  and  regional  agricultural  programs.  The 
ultimate  objective  of  these  programs,  both  from  the  research  and 
from  the  extension  viewpoints,  is  to  determine  the  systems  of  farm- 
ing in  the  various  areas  which  will  be  most  profitable  to  the  farmers 
who  follow  them.  Before  much  headway  can  be  made  in  this  direc- 
tion, however,  it  is  necessary  to  know  the  present  situation  in  each 
area  as  to  the  systems  of  farming  being  followed. 

The  typical  farming  systems  which  have  been  presented  indicate 
the  varied  responses  of  farmers  in  each  area  to  the  conditions  which 
influence  them  in  the  selection  of  their  farms  and  in  planning  their 
farming .  systems.  Some  of  the  variations  found  in  these  typical 
farming  systems  are  no  doubt  justified  by  such  factors  as  local  differ- 
ences in  the  character  of  the  soil  or  topography,  farmers'  preferences. 
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and  aptitudes  in  handling  various  enterprises,  particularly  the  dif- 
ferent classes  of  livestock.  A  considerable  part  of  these  differences, 
however,  may  be  regarded  as  resulting  from  the  failure  of  some 
farmers  to  adjust  their  systems  of  farming  most  wisely  to  economic 
and  other  conditions.  The  kinds  of  farming  being  done  in  the  vari- 
ous areas  having  been  outlined,  the  next  step  is  to  determine  the 
systems  of  farming  which  are  likely  to  be  most  profitable  under  the 
conditions  most  commonly  found  in  each  area. 

The  wide  diversity  in  organization  on  farms  of  different  sizes  in 
the  various  areas  and  even  on  farms  of  the  same  size  suggests  the 
inadvisability  of  making  "  blanket "  recommendations  for  farmers  as 
a  whole.  The  typical  or  representative  farms  provide,  in  part,  a 
basis  for  testing  out  and  appraising  the  profitableness  of  different 
types  of  farms  as  well  as  of  long-time  and  year-to-year  adjustments 
in  different  farming  systems.  Thus  the  typical  farming  systems, 
which  are  a  part  of  the  final  product  of  the  type-of- farming  studies, 
may  be  taken  as  the  starting  point  in  other  farm-management  studies. 

The  way  in  which  these  typical  farms  can  be  used  in  determining 
the  returns  which  will  probably  result  from  them  under  given  yield 
and  price  conditions  is  shown  in  Table  21.  The  organization  used 
in  the  illustration  is  the  most  common  organization  of  half-section 
farms  in  Cass  County,  N.  Dak.     (See  Table  4.) 

In  budgeting  the  receipts  and  expenses  of  the  most  common  or- 
ganization the  yields  of  crops,  production  of  livestock,  and  the 
amounts  of  labor  and  materials  used  for  crops  and  livestock,  are 
typical  of  this  area  as  indicated  by  other  farm-management  studies.^ 
The  prices  of  products  and  the  expense  items  are  also  fairly  typical 
of  those  prevailing  in  the  area  during  the  last  few  years. 

Table  21. — Budget  of  receipts  and  expenses  on  a  typical  {most  common^)  320- 
acre  farm  in  Cass  County,  N.  Dak. 


Crop 

Acreage 

Average 

yield  per 

acre 

Produc- 
tion 

Requirements 

Surplus 

Feed 

Seed 

for  sale 

Wheat                     

Acres 
125 
20 
37 
37 

25 

11 
20 

Bushels 
12.7 
8.5 
22.5 
28.4 

27.5 

Tons 
3 
1.33 

Bushels 

1,587 

170 

832 

1,051 

688 

Tom 
33 
27 

Bushels 

Bushels 

156 

10 

74 
93 

5 


Bushels 
1,431 

Flax 

160 

Barley .- 

560 
958 

683 

Tom 
33 

27 

198 

Oats 

Corn: 

For  grain        ......_ 

For  forage                              ...... 

Hay 

1  This  most  common  organization  has  from  40  to  50  per  cent  of  its  crop  area  in  wheat  and  is  followed  by 
about  50  per  cent  of  the  farmers  on  the  half-section  farms  in  the  area. 

Crop  sales: 

Wheat,  1,431  bushels,  at  $1 $1, 431 

Flax,  160  bushels,  at  $1.80 288 

Barley,  198  bushels,  at  $0.48 95 

Total '—  $1,814 


**The  factors  to  be  considered  in  buugeting  receipts  and  expenses  are  discussed  in  tne 
following  bulletin :  Hutson,  J.  B.  farm  budgeting.  U.  S.  Dept.  Agr.  Farmers'  Bui. 
1564. 
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Livestock  sales: 

Hogs,  9,000  pounds,  at  $0.08 $720 

Cattle,  2  cows,  at  $50,  and  5  veal  calves,  at  $15 175 

Butterfat,  2,100  pounds,  at  $0.35 735 

Total , $1,630 

Total  crop  and  livestock  sales 3, 444 

Expenses : 

Hired  labor 740 

Twine 71 

Threshing 199 

Miscellaenous   livestock   expense    (including   supplementary- 
feeds)  110 

Total 1,120 

Returns  above  cash  expenses  which  vary  with  changes  in  the  organiza- 
tion      2, 324 

The  indicated  returns  of  $2,324  above  cash  expenses  for  hired 
labor,  threshing,  twine,  and  the  like  represents  the  returns  above 
those  out-of-pocket  expenses  which  vary  most  markedly  as  changes 
in  the  organization  are  made.  In  this  and  the  following  illustra- 
tions the  primary  objective  is  to  show  how  the  returns  to  the  farm 
business  as  a  whole  are  affected  by  the  choice  and  combination  of  en- 
terprises. For  this  purpose  it  is  necessary  to  consider  only  those 
expenses  which  vary  significantly  with  changes  in  the  organization. 
In  comparisons  between  organizations  which  include  the  same  crops 
and  livestock,  but  in  somewhat  diiferent  proportions,  the  cash  ex- 
penses for  such  items  as  hired  labor,  threshing,  twine,  and  feed 
are  most  important.  In  making  comparisons  between  essentially 
different  types  of  farming,  however,  other  expense  items  must  be 
considered.  In  comparing  the  returns  on  a  cash-grain  farm  with 
thofee  on  a  livestock  farm,  for  example,  the  difference  in  the  live- 
stock, building,  and  equipment  investment  on  the  two  farms  may  be 
an  important  item.  Likewise,  if  the  objective  was  to  indicate  whether 
the  returns  that  could  be  expected  from  this  farm  were  as  large  as 
might  be  obtained  on  a  larger  farm  or  in  some  alternative  occupation, 
consideration  would  have  to  be  given  to  other  items,  such  as  the 
amount  of  taxes  that  would  have  to  be  paid  and  the  investment  that 
would  be  required  as  well  as  many  other  things. 

The  probable  returns  from  other  typical  farming  systems  on  this 
size  of  farm  in  the  area  may  be  determined  in  the  same  way.  On 
this  size  of  farm  in  Cass  County  two  other  common  organizations 
are  found  (Table  4)  each  of  whfch  is  followed  by  about  20  per  cent 
of  the  farmers  on  half-section  farms.  One  of  these  organizations 
is  high  in  cash  crops,  having  more  than  200  acres  in  cash  crops. 
The  other  organization  is  more  diversified,  having  less  than  100  acres 
in  cash  crops. 

If  the  same  procedure  is  followed  and  the  same  yields  and  prices 
are  used  as  in  the  above  illustration  (Table  21)  the  returns  from 
the  three  organizations  above  expenses,  which  vary  with  changes  in 
the  organization,  would  be  as  follows : 

Organization  with  large  acreage  of  cash  crops $2,  240 

Most  common  organization 2,324 

Organization  with  small  acreage  of  cash  crops 2,400 
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For  the  particular  set  of  price  relationships  used,  this  comparison 
suggests  that  with  average  yields  the  returns  to  the  low  cash  crop 
organization  are  slightly  higher,  but  the  difference  is  not  large.  De- 
spite the  fact  that  some  additional  investment  in  livestock  and  possi- 
bly in  buildings  and  equipment  probably  would  be  required  for  the 
organization  with  a  small  acreage  of  cash  crops,  there  is,  an  impor- 
tant factor  in  favor  of  this  organization.  The  larger  acreages  of 
cultivated  crops  and  pasture  and  the  additional  livestock  on  the 
farms  having  relatively  small  acreage  of  cash  crops  will  ordinarily 
result  in  higher-than-average  yields  on  these  farms.  Wheat,  flax, 
rye,  and  the  other  small-grain  crops  yield  better  in  this  area  when 
grown  in  rotation  with  a  cultivated  crop,  like  corn  and  legume  hay, 
and  pasture  crops,  such  as  alfalfa  and  sweet  clover. 

In  considering  the  probable  returns  from  these  alternative  organ- 
izations over  a  period  of  years,  therefore,  the  effect  of  the  type  of 
organization  upon  crop  yields  must  be  taken  into  account.  With  an 
increase  of  20  per  cent  in  the  average  yields  of  crops  on  the  farm  with 
a  small  acreage  of  cash  crops  owing  to  the  production  of  legumes, 
cultivated  crops,  and  livestock,  the  income  above  cash  expenses  would 
be  approximately  $2,700  or  from  $300  to  $400  greater  than  on  either 
the  most  common  organization  or  the  one  with  a  large  area  of  cash 
crops. 

Another  factor  to  be  considered  is  the  distribution  through  the 
year  of  the  labor  requirements  of  the  different  organizations,  es- 
pecially as  it  affects  the  amount  of  labor  hired  and  the  amount  done 
by  the  farmer  and  members  of  his  family.  On  the  farms  that  have 
more  than  the  average  amount  of  livestock  the  labor  is  more  evenly 
distributed  throughout  the  year,  and  a  larger  proportion  of  the  work 
can  ordinarily  be  done  by  the  farmer  or  members  of  his  family  or  by 
regular  hired  labor.  It  is  only  by  taking  into  account  all  of  these 
and  other  factors  which  affect  the  returns  over  a  period  of  years  that 
the  relative  profitableness  of  the  various  types  of  farms  can  be  de- 
termined and  the  most  desirable  of  the  typical  organizations  selected 
for  a  particular  set  of  conditions. 

USE  OF  RESULTS  IN  DETERMINING   PROFITABLE  ADJUSTMENTS 

IN  PRODUCTION 

A  farmer  can  not  stop  with  the  selection  of  a  general  system  of 
farming  to  be  followed  over  a  period  of  years.  Some  short-time  ad- 
justments in  the  general  scheme  will  usually  be  made  because  of  such 
circumstances  as  the  failure  of  a  particular  crop  or  the  prospect  of 
unusually  high  or  low  prices  for  one  or  more  products  in  a  given 
season.  The  typical  farming  systems  may  be  used  to  good  advantage 
in  determining  the  short-time  adjustments  which  can  be  made  profit- 
ably. Changes  in  the  relative  prices  of  the  products  sold  would 
change  the  returns  from  the  different  types  of  organization.  This 
is  illustrated  in  Table  22. 
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Table  22. — Returns  from  organizations  of  different  types  at  various  prices  for 

different  products 


Item 

Unit 

Probable  returns  above  cash  expenses 
which  vary  with  changes  in  organiza- 
tion, when  prices  are  as  follows— 

Wheat .   

Bushel., 
do 

Dollars 
1.00 
1.80 
.70 
.48 
.10 
.08 
.35 

Dollars 
1.00 
1.80 
.70 
.48 
.15 
.10 
.40 

Dollars 
1.20 
2.00 
.80 
.55 
.10 
.08 
.35 

Dollars 
1.40 

Flax 

2  00 

Rye 

Barley— . 

..-do.___ 
.  do     . 

.80 

.55 

Veal  calves 

Pound.. 
..  do.. 

10 

Hogs.   _     . 

.08 

Butterfat      ...      ..... 

do 

.35 

Organization  with  large  acreage  of  cash  crops  __  .  . 

2,240 
2,324 
2,400 

2,330 

2,667 

■     2, 897 

2,685 
2,656 
2,608 

3,005 

Most  common  organization... 

2,942 

Organization  with  small  acreage  of  cash  crops    . . .  . 

2,734 

Under  the  price  relationships  in  the  first  column  of  figures  the 
returns  to  the  farm  having  a  small  acreage  of  cash  crops  (with  average 
yields)  are  higher  than  those  for  the  other  two.  If  the  prices  of 
hogs,  veal  calves,  and  butterfat  should  increase,  as  shown  in  the  sec- 
ond column,  the  organization  having  the  most  livestock  (small  acre- 
age of  cash  crops)  would  become  even  more  profitable  than  the  one 
with  a  large  acreage  of  cash  crops  or  the  mo^  common  organization. 
On  the  other  hand  if  prices  of  wheat  and  flax  should  increase,  as 
shown  in  the  third  column  of  figures,  the  organization  with  the 
large  acreage  of  cash  crops  would  be  the  most  profitable  of  the  three 
and  the  organization  with  the  small  acreage,  of  cash  crops  the  least 
profitable.  If  the  price  of  wheat  should  increase  still  further,  as 
shown  in  the  fourth  column  of  figures,  the  advantage  of  the  organi- 
zation with  the  large  area  of  cash  crop  would  be  even  more  pro- 
nounced. 

When  the  annual  agricultural  outlook  is  issued  at  the  beginning 
of  the  new  crop  year,  these  typical  organizations  afford  a  basis  for 
determining  what  adjustments,  if  any,  should  be  made  on  farms  of 
diiferent  types  in  each  area  in  the  light  of  the  prospective  economic 
situation  for  the  coming  year.  When  the  outlook  information  is 
considered  from  this  point  of  view  and  is  interpreted  to  the  farmer 
in  terms  of  a  farm  organization  similar  to  the  one  he  himself  is 
following,  its  proper  application  will  be  more  readily  apparent. 

USE  OF  RESULTS  IN  PLANNING  OTHER  STUDIES 

The  results  of  type-of-farming  studies  may  be  used  in  many  other 
ways.  The  delineation  of  type-of-farming  areas  within  which  farm- 
ing systems  and  conditions  affecting  farming  are  fairly  similar, 
make  it  possible,  for  example,  to  use  the  results  of  local  studies  more 
broadly  and  with  greater  assurance  that  they  are  applicable  than 
would  be  possible  without  a  knowledge  of  the  characteristics  of  the 
different  areas.  Standards  as  to  methods  and  practices  in  handling 
particular  enterprises  can  be  set  up  with  greater  (Jefiniteness  and 
therefore  be  more  useful  if  made  to  apply  to  a  specific  type-of-farm- 
ing area. 

Income  studies  showing  the  returns  obtained  by  farmers  can  be 
made  more  realistic  and  suggestive  by  the  use  of  data  by  type-of- 
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farming  areas  showing  the  returns  obtained  on  individual  farms  of 
different  types  and  sizes  in  addition  to  the  returns  obtained  by  a 
composite  group  of  farmers  of  all  types  and  sizes. 

Considerable  attention  is  now  being  given  to  the  supply  and  prices 
of  particular  farm  products  and  especially  to  the  ways  in  which 
farmers  adjust  their  production  to  relative  price  changes.  Studies 
of  the  response  of  farmers  to  price  changes  which  have  been  made 
indicate  that  the  type  of  farming  followed  is  an  important  factor  in 
this  problem.®  The  division  of  States  and  regions  into  areas  of  simi- 
lar farming  systems  and  conditions  provides  the  basis  for  making 
such  studies  more  realistic  and  trustworthy.  The  combination  of 
data  for  adjoining  areas  of  dissimilar  conditions  may,  in  fact,  lead 
to  inadequate  or  erroneous  conclusions,  for  in  this  way  significant 
differences  in  the  response  of  different  groups  of  farmers  to  price 
changes  may  be  smoothed  out  or  obscured. 

9  See  for  example :  Elliott,  F.  F.     adjusting  hog  production  to  market  demand. 
111.  Agr.  Expt.  Sta.  Bui.  293,  pp.  503-567,  illus.     1927. 


ORGANIZATION  OF  THE 
UNITED  STATES  DEPARTMENT  OF  AGRICULTURE 

December  14,  1928 


Secretary  of  Agriculture W.  M.  Jabdine. 

Assistant  Secretary R.  W.  Dunlap. 

Director  of  Scientific  Work A.  F.  Woods. 

Director  of  Regulatory  Work Walter  G.Campbell. 

Director  of  Extension C.  W.  Warburton. 

Director  of  Personnel  and  Business  Admin- 
istration   W.  W.  Stockberqer. 

Director  of  Information M.  S.  Eisenhower. 

Solicitor R.  W.  Williams. 

Weather  Bureau Charles  F.  Marvin,  Chief, 

Bureau  of  Animal  Industry John  R.  Mohler,  Chief. 

Bureau  of  Dairy  Industry O.  E.  Reed,  Chief. 

Bureau  of  Plant  Industry William  A.  Taylor,  Chief, 

Forest  Service R.  Y.  Stuart,  Chief. 

Bureau  of  Chemistry  and  Soils H.  G.  Knight,  Chief. 

Bureau  of  Entomology ^ C-  L.  Marlatt,  Chief. 

Bureau  of  Biological  Survey Paul  G.  Redington,  Chief. 

Bureau  of  Public  Roads Thomas  H.  M ac Donald,  CAie/. 

Bureau  of  Agricultural  Economics Nils  A.  Olsein,  Chief. 

Bureau  of  Home  Economics Louise  Stanley,  Chief. 

Plant  Quarantine  and  Control  Adm,inistra- 

tion-^ C.  L.  Marlatt,  Chief. 

Grain  Futures  Administration J.  W.  T.  Duvel,  Chief. 

Foody  Drug,  and  Insecticide  Administration-  Walter  G.  Campbell,  Director  of 

Regulatory  Work,  in  Charge. 

Office  of  Experiment  Stations E.  W,  Allen,  Chief. 

Office  of  Cooperative  Extension  Work C.  B.  Smith,  Chief. 

Library Claribel  R.  Barnett,  Librarian, 


This  bulletin  is  a  contribution  from 

Bureau  of  Agricultural  Economics Nils  A.  Olsen,  Chief. 

Division  of  Farm  Management  andCosts.   M.  R.  Cooper,  Senior  Agricultural 

Economist,  Acting  in  Charge. 
66 
additional  copies 

OF  THIS  PUBLICATION  MAY  BE  PROCURED  FBOM 

THE    SUPERINTENDENT    OF    DOCUMENTS 

U.S.GOVEBNMENT  PRINTING  OFFICE 

WASHINGTON,  D.  C. 

AT 

15  CENTS  PER  COPY 
V 


i     Technical  Bulletin  No.  101 


September,  1929 


AGRICULTURAL  SURVEY 
OF  EUROPE 


SWITZERLAND 


BY 

ASHER  HOBSON 

Collaborator,  Bureau  of  Agricultural  Economics 


United  States  Department  of  Agriculture,  Washington,  D.  C. 


AGRICULTURAL  SURVEYS  OF  FOREIGN  COUNTRIES 

The  bulletins  of  this  series  that  have  been  pubUshed  are  as 
follows:  . 

Agricultural  Survey  of  Europe:  The  Danube  Basin — Part  1 
(Dept.  Bui.  1234). 

Agricultural  Survey  of  Europe:  Germany  (Dept.  Bui.  1399). 

Agricultural  Survey  of  South  America:  Argentina  and  Para- 
guay (Dept.  Bui.  1409). 

Agricultural  Survey  of  Europe:  France  (Tech.  Bui.  37). 

Agricultural  Survey  of  Europe:  The  Danube  Basin — Part  2 
(Tech.  Bui.  126.)     In  press. 


Technical  Bulletin  No.  101 


September,  1929 


UNITED  STATES  DEPARTMENT  OF  AGRICULTURE 
WASHINGTON,  D.  C. 


AGRICULTURAL  SURVEY  OF  EUROPE: 
SWITZERLAND 

By    ASHER    HOBSON 

Collaborator,  Bureau  of  Agricultural  Economics 


CONTENTS 


General  characteristics 2 

Agricultural  population 3 

Agricultural  labor... 4 

Ownership  and  tenancy. 1.. 8 

Size  of  fafms 10 

Strip  farming 11 

Inheritance  of  rural  property 13 

Utilization  of  land 14 

Cereals 15 

Potatoes 16 

Fruits 17 

Livestock 17 

Farm  receipts  and  expenses 17 

Agricultural  imports  and  exports 20 

The  dairy  industry. 21 

Milk  production 21 

Utilization  of  milk 22 

Prices. 24 

Dairy  imports  and  exports 27 

Agricultural  cooperation 29 

Legislation... 31 

General-purpose  associations 31 

Commercial      agricultural-cooperative 

organizations 32 

Fruit-culture  associations 34 


Agricultural  cooperation— Continued                ^^^e 
Grape-growing  and  wine-making  associ- 
ations   34 

Cooperative  distilleries 34 

Cooperative   organizations   for   selection 
of   seeds    and    promotion    of   cultural 

methods  for  specific  crops 35 

Associations  for  ownership  and  operation 

of  Alpine  pastures 35 

Forestry  cooperatives 36 

Land-reclamation  cooperatives 36 

Organizations  for  the  utilization  of  agricul- 
tural machinery 36 

Threshing  associations 36 

Flour  and  feed  mill  cooperatives 36 

Agricultural  cooperative  bakeries 37 

Abbatoir  associations.. 37 

Agricultural  credit  and  insurance  coop- 
eratives...   37 

Political  and  economic  associations 38 

Cooperation  in  the  Swiss  dairy  industry 

The  Swiss  Peasants'  Union 45 

Miscellaneous  information    on    coopera- 
tives  56 

Summary 60 

Literature  cited 63 


Swiss  agriculture  with  all  its  topographical  handicaps  has  a  record 
of  outstanding  achievement.  Some  of  these  achievements  are  of 
international  importance.  The  marked  success  of  Swiss  cooperatives 
is  of  particular  importance  and  interest  to  the  United  States  farmer, 
for  cooperation  in  American  agricultural  Ufe  is  to-day  being  given 
increasing  consideration.  A  study  of  the  Swiss  farmers'  success  will 
yield  valuable  suggestions  to  leaders  of  similar  movements  in  the 
United  States.  Interest  is  added  to  the  importance  of  Swiss  agri- 
culture by  a  flavor  of  romance  imparted  by  the  struggle  of  the  Swiss 
farmer  in  the  conquest  of  his  environment.  Switzerland,  a  small 
mountain-ridden  country,  is  known  as  a  leader  among  nations  for 
the  attractiveness  of  its  farm  homes,  the  completeness  and  solidarity 
of  its  agricultural  cooperative  enterprises,  and  the  intensity  of  its 
dairy  industry.     (Fig.  1.) 
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Perhaps  one  of  the  highest  aims  of  a  nation  is  the  maintenance  of 
an  environment  conducive  to  a  comfortable  and  attractive  home  Hfe. 
In  all  too  many  countries  the  cities  have  shown  the  way,  but  the 
appearance  of  the  farm  homes  leads  one  to  believe  that  this  is  not 
the  case  in  Switzerland.  This  appearance  is  partly  due  to  the  charac- 
teristics of  the  country  people  who  are  endowed  by  inheritance  with 
a  generous  supply  of  ^'landmindedness,'^  and  to  the  well-being  of 
its  agriculture.  The  prosperity  of  Swiss  agriculture  is  dependent 
in  a  large  measure  upon  the  dairy  industry  and  the  cooperative 
movement. 

Emphasis  in  this  study  is  placed  upon  these  two  subjects.  As  a 
basis  for  their  interpretation  attention  is  given  to  a  review  of  the 
economic  phases  of  Swiss  agriculture  as  a  whole.  In  order  to  obtain 
direct  information,  the  author  spent  some  time  in  Switzerland  observ- 
ing conditions  and  gathering  data. 


Figure  1. — Typical  farm  valley.  Valleys  like  this  explain  the  devotion  of  the  Swiss  peasant  to  his  farm 
home  and  its  mountainous  environment 


GENERAL   CHARACTERISTICS 

Switzerland  is  a  confederation  of  25  Cantons.  Each  of  these  is 
in  a  large  measure  self-governing.  Most  of  the  Cantons  have,  during 
some  period  of  their  existence,  pursued  their  own  courses  as  inde- 
pendent principalities.  This  self-governing  tendency,  protected  by 
mountain  barriers  and  generated  by  tradition,  gives  to  many  of  the 
Swiss  Cantons  an  individuality  of  their  own.  To-day  the  Cantons 
strive  to  preserve  that  individuality  inherited  from  the  past.  Cantonal 
characteristics  are  guarded  and  perpetuated  with  the  zeal  of  com- 
petitive sportsmen.  The  success  of  their  efforts  is  attested  by  the 
variety  of  languages,  dialects,  costumes,  manners,  and  customs 
found  in  Switzerland.  It  would  be  difficult  to  find  elsewhere  such 
linguistic  and  sociological  variety  in  so  small  an  area. 

Official  documents  are  published  in  French  and  German,  and  the 
use  of  French,  German,  and  Italian  is  sanctioned  on  the  floor  of  both 
Houses   of   Parliament.     This   language   diversity   is   extended   by 
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numerous  dialects.  Roughly  speaking,  about  two-thirds  of  the  pop- 
ulation are  German  and  one-third  French,  and  one  Canton  employs 
Italian  as  the  mother  tongue. 

It  is  a  nation  of  differences  that  make  a  united  whole.  ''United 
but  diverse"  is  the  Swiss  characterization  of  themselves.  It  is  a 
country  where  perpetuated  diversity,  democracy,  and  unity  find  a 
prosperous  home. 

From  the  standpoint  of  languages,  customs,  and  traditions,  Swit- 
zerland is  an  international  cooperative  union  of  small  nations. 

AGRICULTURAL  POPULATION 

Switzerland  with  its  15,945  square  miles  is  somewhat  larger  than 
Maryland  and  about  two-thirds  the  size  of  West  Virginia.  In  1920 
it  had  a  population  of  3,880,000.  Of  this  number  slightly  over  a 
million  people  were  dependent  upon  agriculture  for  a  livelihood. 
Of  those  gainfully  employed  in  1920,  28  per  cent  were  in  agriculture, 
47  per  cent  were  engaged  in  manufacturing  pursuits,  12  per  cent 
were  in  commerce,  and  the  remaining  13  per  cent  were  distributed 
among  all  other  callings.  These  figures  emphasize  the  fact  that 
Switzerland  is  an  industrial  nation.     (Tables  1  and  2.) 

Table   1. — Population  of  Switzerland,   classified   by   occupation  in  census  years 

1870-1920 


Occupation 

1870 

1888 

1900 

1910 

1920 

Percentage  of  total 
population  employed 

1870 

1888 

1900 

1910 

1920 

Production  of  raw  materials  L 
Manufacturing 

Number 

552,  646 

498,  654 

69,831 

17,464 

45,  392 
10,963 

Number 

491,  743 

640,  361 

92,083 

35, 637 

50,653 
14,869 

Number 

487, 124 

694,062 

140,  558 

61,  391 

72,  513 
14,70* 

Number 

483, 194 

809,114 

194. 105 

84,734 

97,  310 
25,133 

Number 
492, 306 
827,  624 
217, 152 
91,297 

98,  895 
51,  573 

46 

42 

6 

4 

1 

40 

44 

8 

3 

4 

1 

33 
47 
10 

4 

5 

29 

48 

11 

5 

6 

1 

28 
47 

Commerce 

12 

5 

Public     administration    and 
liberal  professions 

F) 

others 

S 

Total  employed 

1, 194, 950 

1,  225,  346 

1,  470,  352 

1,  693,  590 

1,  778,  847 

100 

100 

100 

100 

100 

Population,  total  . 

2. 655.  001 

2, 917,  754 

3, 315, 443 

3,  753,  293 

3, 880, 320 

Percentage  employed 

45 

42 

44 

46 

46 

Federal  census. 

1  Largely  agriculture. 

Nearly  53  per  cent  of  the  agricultural  population  is  composed  of 
children,  elderly  people  not  gainfully  employed,  and  persons  engaged 
solely  in  household  work.  Of  those  actually  working  on  the  land 
about  90  per  cent  are  operators  or  members  of  operators'  families. 
Switzerland  is  a  nation  of  small  farms.  It  is  the  home  of  peasant 
holdings,  where  the  members  of  the  family  carry  on  with  little  out- 
side assistance.  One-fifth  of  the  workers  engaged  outside  the  house- 
hold are  women.     (Table  2.) 


TECHNICAL  BULLETIN  101,  U.  S.  DEPT.  OF  AGEICULTURE 


Table  2. — Agricultural  population  in  Switzerland,  classified  by  occupation,  census 

years,  1888-1920 


Occupation 

1888 

1900 

1910 

1920 

Percentage  of  total 
agricultural  population 

1888 

1900 

1910 

1920 

Farm  operators  and  members  of  fam- 
ily gainfully  employed: 
Farm  operators 

Number 
210,  331 

92, 597 
46, 141 

Number 
211, 420 

98, 494 
39,888 

Number 
208,257 

90,788 
62,833 

Number 
206,544 

96, 116 
69, 119 

19.4 

8.6 
4.2 

20.3 

9.4 
3.8 

21.4 

9.3 
6.4 

21  3 

Operator's    family   working    on 
farm- 
Male 

9.9 
6  1 

Female    

Total-   

349,  069 

349,  802 

361,  878 

361,  779 

32.2 

33.5 

37.1 

37  3 

Wage  laborers: 

Weekly  or  monthly- 
Male 

61,320 
9,927 
44, 179 

57,  849 

6,779 

45,  582 

56,504 

5,608 

30,720 

186,847 
1  11, 057 

5.7 

.9 

4.1 

5.5 

.6 

4.4 

5.8 

.6 

3.2 

1  g  g 

Female 

1  1  \ 

Day  laborers _ 

Total.- 

115,426 

110,210 

92,  832 

97,904 

10.7 

10.5 

9  6  1     10  0 

Persons  living  on  the  farm  not  di- 
rectly engaged  in  agriculture: 
Operator's    family    occupied  in 

230,  583 
27,  237 

343,  804 
16,114 

228,  025 
16,  405 

324,  339 
14,623 

175,  442 
15,  052 

319,  017 
11,021 

185,  972 
16,  635 

295,309 
14,097 

21.3 
2.5 

31.8 
1.5 

21.9 
1.6 

31.1 
1.4 

18.0 
1.5 

32.7 
1.1 

19  1 

Adults  not  gainfully  employed. .. 
Children 

1.7 
30  4 

Personal  servants 

1  5 

Total 

617,  738 

583,  392 

520,  532 

512,013 

57.1 

56.0 

53.3 

52  7 

Total  agricultural  population  2 

1,082,233 

1,  043,  404 

975,  242 

971,  696 

100.0 

100.0 

100.0 

100.0 

Adapted  from  the  Swiss  General  Census. 

1  Includes  day  laborers. 

2  The  totals  for  1888,  1900,  and  1910  given  in  the  original  do  not  check, 
adjusted  to  check  to  the  total  of  the  individual  figures. 


Figures  given  here  have  been 


AGRICULTURAL  LABOR 


Probably  the  most  impressive  difference  to  the  American  observer 
between  United  States  and  European  agriculture  is  the  intensive  uti- 
lization of  land  in  Europe  by  means  of  a  lavish  expenditure  of  labor,  as 
compared  to  the  intensive  use  of  labor  by  means  of  the  generous  appli- 
cation of  land  in  the  United  States.  In  Europe,  where  land  is  scarce 
as  compared  with  man  power,  the  economic  problem  is  to  exploit  to 
the  fullest  extent  the  expensive  element — land — through  the  greater 
use  of  the  more  plentiful  element — labor.  (Fig.  2.)  In  the  United 
States  the  effort  is  toward  high  production  per  man  although  this 
entails  a  lower  production  per  acre.  In  Europe  the  reverse  is  true. 
Each  practice  seems  to  be  adapted  to  the  economic  environment  in 
which  it  is  employed.  Certainly,  it  would  be  an  idle  recommen- 
dation that  farmers  in  the  United  States  hoe  their  corn  by  hand  when 
the  additional  yield  resulting  from  such  action  would  not  in  all  prob- 
ability defray  the  added  expense  of  hoeing;  nor  would  it  be  desirable 
that  United  States  farmers  terrace  their  hillsides  with  retaining  walls 
of  masonry  in  order  that  those  hillsides  might  be  converted  from  pas- 
ture land  into  orchards  and  vineyards  and  tilled  fields,  when  in  all 
probability  the  added  income  from  the  fields  would  not  pay  interest 
charges  on  the  cost  of  the  construction  of  the  retaining  walls. 

Both  of  these  practices  illustrate  the  intensive  use  of  land  in  cer- 
tain regions  of  Europe. 


AGRICtTLTURAL  SURVEY  OF  EUROPE:   SWITZERLAND  5 

In  a  country  like  Switzerland,  the  labor  cost  of  production  at 
American  wage  rates  would  often  amount  to  more  than  the  total 
value  of  the  products  of  the  soil.  (Fig.  3.)  Yet  it  would  be  imprac- 
ticable to  recommend  that  the  European  peasant  discard  his  hand 
tools  and  adopt  machine  methods,  when  the  cost  of  operating  ma- 
chinery may  be  greater  than  the  cost  of  performing  the  same 
labor  by  hand.     This  is  partly  due  to  the  rough  topography  of  the 


Figure  2.— Terraces  on  the  Swiss  side  of  Lake  Geneva.    Much  labor 
is  required  to  make  the  hillsides  profitable  agriculturally 


country,  small-sized  farms,  and  the  available  supply  of  family  labor. 
It  is  impracticable  to  use  mowing  machines  except  in  the  valleys. 
(Fig.  4.)  It  is  not  unusual  to  see  men  taldng  straw  from  a  thresher 
and  tying  it  into  bundles  by  hand.  This  operation  gives  an  idea  of 
the  relative  values  of  straw  and  labor  in  Europe,  as  compared  with 
United  States  conditions.  As  many  as  20  people  may  harvest  grain 
in  a  small  field.     It  is  doubtful  if  the  receipts  from  the  entire  crop 
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would  pay  for  the  harvest  labor  in  the  United  States.  Hay  is  cured  on 
racks  in  the  region  of  Lake  Zurich,  which  further  illustrates  the  cheap- 
ness of  labor.     (Fig.  5.) 

Although  it  may  be  assumed  that  the  methods  used  are  the  most 
economical  practices  for  certain  European  countries,  certainly  it  is 
not  desirable  that  economic  pressure  force  United  States  farmers  to 
similar  intensive  application  of  labor,  with  its  corresponding  low 


Figure  3.— Farms  in  mountainous  region.    The  use  of  machinery  on  hills  like  these  is  difficult 
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Figure  4.— Mowing  ouJ;fit  on  a  valley  farm.    Mowing  machinery  is  used  to  some  extent  in  the  valleys 

return  per  unit  of  labor,  for  the  intensive  use  of  land  at  the  expense 
of  a  large  amount  of  human  labor  tends  toward  a  lower  labor  return, 
and  hence  a  lower  standard  of  living  for  those  employed  in  agricul- 
ture. Farmers  in  the  United  States  have  been  complaining  of  the  high 
wages  which  they  are  forced  to  pay  for  farm  help.  But  one  side  of 
the  question  too  often  overlooked  by  the  farmers  is  that  a  large 
proportion  of  their  income  is  a  labor  income.     If  conditions  are  such 
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as  to  justify  a  low-wage  rate  on  the  farm,  then  it  is  Ukely  to  follow 
that  the  same  conditions  will  return  the  farmer  a  low  wage  for  his 
own  labor.  Favorable  agricultural  conditions  are  indicated  when 
farmers  are  justified  in  paying  a  high  wage  rate  for  farm  help. 

It  is  interesting  to  compare  the  farm  wage  scale  in  the  United 
States  with  that  of  Switzerland.  During  the  summer  of  1925  the 
going  farm  wage  in  Switzerland  ranged  from  $2.21  per  week  with 
board  and  lodging  for  the  women  field  workers  to  aroimd  $4.39  per 
week  with  board  for  milkers  and  $4.12  for  horsemen.  Day  laborers, 
such  as  harvest  help,  received  around  $1.20  per  day.  Through  the 
seasons  other  than  the  harvest  this  same  labor  received  about  90 
cents  per  day.  Table  3  gives  the  wage  scale  for  Swiss  agricultural 
laborers  from  1911  to  1925,  inclusive. 


Figure  6.— Hay  field  near  Lake  Zurich.    This  method  of  curing  hay  requires  considerable  labor 

Table  3. — Wages  of  agricultural  workers  in  Switzerland,  average,  1911-1919, 

annual,  1920-1925 


Item 


Milker ..per  week.. 

Horseman do 

Plowman do 

Hired: 

Man .do 

Woman do 

Day  laborer,  with  board  and  lodging: 
Man — 

At  harvest per  day.. 

Other  than  harvest do 

Woman— 

At  harvest do 

Other  than  harvest do 

Day  laborer,  without  board  and  lodg- 
ing: 
Man— 

At  harvest per  day.. 

Other  than  harvest do 

Woman— 

At  harvest do 

other  than  harvest do 


Average 


1911- 
1913 


Dollars 
2.41 
2.04 
1.62 


1.10 


.46 


1914- 
1919 


Dollars 
3.15 
2.74 
2.25 

1.15 
1.44 


.93 
.70 


.57 
.47 


1.34 
1.14 


.90 
.74 


1920 


Dollars 
3.86 
3.44 
2.62 

1.42 
1.76 


1.23 
.89 

.72 


1.78 
1.36 


1.20 
1.07 


1921 


Dollars 
4.13 
3.63 
2.77 

1.36 
2.02 


1.17 


.77 
.61 


1.55 
1.22 


1922 


Dollars 
4.17 
3.76 
2.86 

1.77 
1.96 


,75 


1.40 
1.10 


1.01 
.70 


1923 


Dollars 
3.92 
3.69 
2.65 

1.35 
1.90 


1.05 
.76 


,70 


1.42 
1.08 


1924 


Dollars 
3.72 
3.46 
2.67 

1.51 
1.84 


1.03 
.79 


,59 


1.52 
1.31 


1925 


Dollars 
4.39 
4.12 
3.05 


2.21 


1.21 
.91 


.85 


1.55 
1.32 


Landwirtschaftliches  Jahrbuch  der  Schweiz  1927  {17,  p.  X87).    (Italic  numbers  in  parentheses  refer  to 
'Literature  cited,"  p.  63.) 
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There  is  a  provision  in  the  Swiss  civil  law  {21,  Art.  347,  SJ^QY  which 
provides  that  if  a  farm-labor  contract  does  not  stipulate  the  duration 
of  the  contract,  it  can  not  be  terminated  by  either  the  worker  or  the 
employer  without  giving  at  least  15  days'  notice  in  advance. 

There  is,  however,  a  modification  to  this  provision,  which  stipulates 
that  if  the  employee  has  been  working  all  the  summer  the  employer 
can  not  discharge  him  in  the  fall  without  an  advance  notice  of  at 
least  six  weeks.  If,  on  the  other  hand,  the  worker  has  been  on  the 
farm  during  the  winter,  he  can  not  discontinue  work  in  the  spring 
without  giving  the  employer  six  weeks'  advance  notice. 

Only  10  per  cent  of  the  farm  workers  are  wage  laborers.  This  is  a 
small  proportion  when  compared  with  certain  other  European  coun- 
tries. In  Italy,  for  instance,  some  50  per  cent  of  those  gainfully 
employed  in  agriculture  are  connected  with  the  land  in  the  capacity 
of  wage  earners. 

OWNERSHIP   AND   TENANCY 

Switzerland  is  a  land  of  family  owned  and  tilled  farms.  Peasant 
proprietorship  is  usual.  (Table  4.)  Over  three-fourths  of  the  farm 
area  is  worked  by  owners,  and  over  four-fifths  of  the  farms  are  family 
owned  and  operated.  Less  than  one-fifth  of  the  farms  of  the  country 
are  rented. 

Table  4. — Ownership  and  tenancy  classified  hy  size  of  farm  in  Switzerland,  1905 


Size  of  holding  (acres)  i 

Acreage 
in  farms 

Acreage  in 

farms  operated  by- 

Percentage  of  total  acre- 
age operated  by- 

Owner 

Tenant 

Trustee 

Owner 

Tenant 

Trustee 

1  to  7             -    

Acres 
405, 425 

1, 414, 984 
592, 155 
735,  669 
491,  017 

1,  521, 130 

Acres 
317, 121 

1, 195,  099 
488, 178 
566, 025 
325,265 

1,060,857 

Acres 

66, 947 
194, 621 

98,  262 
162,  219 
153,224 
347, 924 

Acres 

21, 357 

25,264 

5,715 

7,425 

12,528 

112,  349 

78.22 
84.46 
82.44 
76.94 
66.24 
69.74 

16.51 
13.75 
16.  59 
22.05 
31.21 
22.87 

5.27 

8  to  25 

1.79 

25  to  37 

.97 

37  to  74..                     

1.01 

74  to  173 

2.55 

Over  173 

7.39 

Total 

5, 160, 380 

3, 952,  545 

1, 023, 197 

184, 638 

76.59 

19.83 

3.58 



Federal  census  of  1905  (4), 

1  Sizes  as  given  in  original  were  a,s  follows:  0.5  to  3  hectares;  3.1  to  10  hectares;  10.1  to  15  hectares;  15.1  to 
30  hectares;  30.1  to  70  hectares,  and  over  70  hectares. 

The  Swiss  farmer  is  a  home  and  land  lover.  His  sentiment  is 
exhibited  in  the  attention  he  bestows  upon  his  acres.  House,  barn, 
vegetable  and  flower  gardens  are  mingled  together  to  form  a  place  in 
which  to  live,  not  so  much  in  luxury  as  in  contentment.  The  hominess 
of  the  usual  farm  dwelling  in  Switzerland  can  be  commended.  This 
is  true,  regardless  of  the  fact  that  the  barn  and  living  quarters  are 
likely  to  be  housed  in  the  same  building,  as  shown  by  the  type  illus- 
trated in  Figure  6.  The  main  feature  of  the  front  yard  may  be  a 
manure  pile,  and  the  liquid  manure  pit  is  not  considered  out  of  place 
when  under  the  front  doorstep.     (Fig.  7.) 

In  spite  of  these  drawbacks,  when  considered  from  an  American 
point  of  view,  there  are  numerous  things  which  make  the  place  an 
attractive  home.     Window  boxes  with  their  profusion  of  flowers  are 


1  Italic  numbers  in  parentheses  refer  to  "  Literature  cited,"  p.  63. 
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ever  present  during  the  growing  season.  In  Switzerland  it  is  said 
that  the  efficiency  of  the  husbandman  of  a  farm  can  be  judged  by  the 
appearance  of  the  manure  pile,  and  that  the  measure  of  the  efficiency 
of  the  housewife  is  her  vegetable  and  flower  garden.  These  gardens 
are  often  combined.  The  garden  appears  to  be  a  place  of  real  enjoy- 
ment. It  is  used  for  purposes  other  than  a  place  in  which  to  hoe  and 
pull  weeds.     Too  often  the  North  American  idea  of  a  kitchen  garden 


Figure  6.— A  Swiss  farm  home.    House  aud  barn  are  commonly  in  the  same  building 


Figure  7.— Manure  is  often  stored  in  boxes  in  the  front  yard 

is  a  place  where  one  transforms  disagreeable  exertion  into  things  to 
eat.  It  is  seldom  thought  of  as  a  haven  of  rest  in  the  evening,  or  as 
a  place  to  receive  and  entertain  neighbors.  The  kitchen  garden  of 
the  United  States  is  strictly  utilitarian  in  purpose,  whereas  the  Swiss 
add  social  and  aesthetic  values  to  utility. 

The  Swiss  farm  is  first  of  all  a  home.     Other  considerations  are 
secondary.     Undoubtedly  the  magic  of  ownership  is  a  contributing 
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factor  in  support  of  the  ideal.     This  ideal  of  an  attractive  home  is 
fostered  and  encouraged  in  many  ways.     (Fig.  8.) 


SIZE  OP  FARMS 


Switzerland  is  a  land  of  small  farms.  According  to  the  last  agri- 
cultural census — 1905 — 41  per  cent  of  the  farms  were  under  7.4 
acres  in  size,  and  over  83  per  cent  contained  less  than  25  acres.  Only 
3  per  cent  had  more  than  74.2  acres.     (Table  5.) 


Figure  8.— A  model  Swiss  farm  house  and  barn.    This  dwelling  and  yard  was  exhibited  at  an  agri- 
•    cultural  fair  as  an  example  of  a  model  type  of  farm  home 


Table  5. — Farms:  Number  and  area  in  Switzerland,  1905 


Farms 

Acreage  in 
farms 

Parcels  of  land 

Size  of  farm  (acres)  ' 

Total 

Average 
per  farm 

Average 
size 

1  to  7 

Number 
100,390 
101, 529 
19,763 
14,  744 
4,620 
2,664 

Acres 
405,425 

1,  414.  984 
592, 155 
735,  669 
491, 017 

1,  521, 130 

Number 
1, 209, 052 
1, 666, 910 
323,582 
209,845 
45,969 
23,849 

Number 
12.0 
16.4 
16.4 
14.2 
10.0 
9.0 

Acres 
0.34 

8  to  25.. 

.85 

25  to  37 .          

1.83 

37  to  74 

3.51 

74  to  173 

10.68 

Over  173                                                         .  .     . 

63.78 

243,710 

6,160,380 

3,  479,  207 

14.3 

1.48 

Federal  census  of  1905  (4). 


1  Sizes  as  given  in  the  original  were  as  follows:  0.5  to  3  hectares;  3.1  to  10  hectares;  10.1  to  15  hectares;  15.1 
to  30  hectares;  30.1  to  70  hectares,  and  over  70  hectares. 

The  small  farms,  together  with  the  substantial  buildings  on  most 
of  them,  render  the  country  one  of  high  production  costs  in  the 
growing  of  farm  products.  A  complete  set  of  buildings  serve,  on 
an  average,  20  acres.  The  same  set  of  buildings  would  suffice, 
without  additional  overhead  expense,  for  two  or  three  times  as  much 
land  as  is  attached  to  it.     For  the  whole  of  the  country  the  buildings 
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represent  more  than  one-fourth  of  the  value  of  the  entire  capital  of 
the  farmer — land,  buildings,  livestock,  and  equipment  (6,  7).  In 
1923  it  was  estimated  that  the  buildings  had  an  average  valuation  of 
about  $170  ^  per  acre  of  the  total  area  in  farms. 

Since  the  buildings  serve  as  a  home  as  well  as  a  part  of  the  pro- 
ductive equipment  of  the  farm,  overcapitalization  is  not  so  serious 
a  matter  because  a  part  of  the  returns  come  in  the  form  of  satisfac- 
tion and  can  not  be  measured  accurately  on  the  balance  sheet. 

STRIP  FARMING 

Economic  phases  of  agriculture  in  many  parts  of  Europe,  can  not 
be  considered  without  taking  into  consideration  the  division  of  the 
farms  into  many  separate  noncontiguous  strips,  and  this  is  especially 
true  of  Switzerland.  For  example,  in  the  district  of  St.  Maurice 
there  is  an  area  of  about  5.2  acres  of  land  which  contains  34  different 
properties,  divided  into  56  separate  parcels.  Here  34  farmers  till 
56  different  fields  grouped  together  in  an  area  a  little  greater  than  5 
acres.  This  is  an  extreme  case.  The  average  for  all  Switzerland  is 
14.3  separated  fields  to  the  farm.  Since  the  farms  average  about 
21  acres  in  size,  the  strips  have  an  average  size  of  1.5  acres.     (Table  5.) 

In  nine  geographical  divisions  of  the  country,  there  are  from  40  to 
129  separate  parcels  to  the  farm.  Unfortunately,  the  small  and 
medium-sized  farms  have  more  divisions  than  the  larger  farms. 

The  strip  system  is  probably  the  greatest  single  handicap  to  agri- 
cultural progress  in  Europe  (northern  Europe  and  particularly 
Scandinavia  excepted).  The  expense  of  fencing  small  plots  makes 
such  practice  prohibitive.  Hence  pasturing  must  be  done  under  the 
supervision  of  a  herdsman.  The  cost  of  modem  machinery  is  not 
likely  to  justify  its  use  on  acre  lots.  The  burden  of  farming  operations 
must  fall  upon  hand  labor.  The  loss  of  time  in  going  from  one  parcel 
of  land  to  another  is  considerable,  inasmuch  as  many  of  the  pieces 
belonging  to  a  single  farm  may  be  1,  2,  or  3  miles  apart.  Figure  9 
gives  a  good  idea  of  the  location  of  the  separated  strips.  This  dia- 
gram also  shows  the  results  which  may  be  obtained  by  consolidation. 

The  Swiss  Peasants  Union — a  cooperative  farm  organization — 
succeeded  in  securing  enforcement,  beginning  January  1,  1912,  of  a 
provision  of  the  Federal  civil  law  which  provides  that  if  two-thirds 
of  the  ow^ners  occupying  at  least  one-half  of  the  land  in  any  one  district 
decide  to  consolidate  their  farms  into  fewer  pieces  of  land,  all  the 
farmers  of  the  district  are  compelled  to  exchange  their  numerous 
strips  for  land  of  equivalent  value  located  in  a  smaller  number  of 
parcels.  For  defraying  the  expenses  of  such  a  consolidation  the 
Federal  Government  grants  a  subsidy  equal  to  that  granted  by  the 
Canton  and  parish  combined. 

It  is  seldom  possible  to  consolidate  farms  so  that  all  the  land  will  be 
contained  in  one  piece.  The  best  that  can  be  hoped  for  is  to  reduce 
the  number  of  parcels  to  two  or  three  per  farm.  Very  little  progress 
has  been  made  towards  consolidation.  From  1912  to  the  end  of 
1924,  only  49,818  acres  had  been  consolidated  under  the  law.  Con- 
sidering the  progressiveness  of  the  Swiss  people,  their  hesitancy  to 
take  advantage  of  the  opportunities  provided  by  this  law  is  a  matter 

2  See  Table  53  for  value  of  the  franc. 
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of  some  surprise.     There  seem  to  be  two  main  reasons  for  this  hesi- 
tancy— cost  and  custom. 

The  total  cost  of  consoHdating  the  49,818  acres  was  16,957,615 
Swiss  francs,  divided  as  follows.^ 

Francs 

'Federal  subsidies 5,  517,  711 

Cantonal  subsidies 4,  111,  503 

Parish  subsidies 1,  973,  824 

Total  subsidies 11,  603,  038 

Paid  by  landowners 5,  354,  577 

Total  cost  of  consolidation 16,  957,  615 


HUNDRED  METERS 


Figure  9. — A  Swiss  farm  before  and  after  consolidation.  This  farm  covering  a  total  area  of  40.2 
acres  was  composed  of  39  separate  pieces,  before  consolidation.  In  1923  exchanges  were  made 
and  the  farm  was  consolidated  into  one  piece 

The  total  cost  amounted  to  340  francs — around  $65 — per  acre,  of 
which  amount  the  farmer  paid  on  an  average  107  francs,  or  nearly 
$21,  per  acre. 

The  strips  are  irregular  in  size  and  shape  not  only  because  of  sub- 
division, but  also  on  account  of  topographical  location.  Many  have 
never  been  surveyed,  so  it  is  not  always  known  how  much  land  they 
contain.  If  the  district  is  divided  into  very  small  strips,  the  value  of 
the  land  may  not  justify  the  cost  of  consohdation  into  larger  holdings. 

Custom  is  the  second  reason.  By  way  of  illustrating  a  general 
tendency,  one  may  say  that  practically  every  farm  in  the  United 
States  is  for  sale.  In  the  same  light,  one  may  say  of  Switzerland 
that  no  farm  is  for  sale.  Farm  land  there  does  not  change  hands 
frequently.  Inheritance  is  an  important  factor  in  the  exchange  of 
ownership  of  land.     Much  of  the  land  has  been  in  the  same  family 
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for  generations.  The  owners  have  an  inherited  affection  for  each  of 
these  strips.  This  affection,  together  with  a  natural  tendency  of  an 
owner  to  beheve  that  the  land  he  possesses  is  likely  to  be  just  a  Httle 
better  than  that  which  he  will  receive  through  consolidation,  explains 
in  a  large  measure  why  consolidation  has  made  little  progress.  Strip 
farming  is  a  persistent  relic  of  the  medieval  age.  Its  extinction  seems 
to  be  a  slow  and  painful  process. 

INHERITANCE  OF  RURAL  PROPERTY 

The  inheritance  laws  of  a  country  may  have  grave  economic  con- 
sequences on  the  agriculture  of  that  country.  Especially  is  this  the 
case  in  Europe  where  inheritance  plays  an  important  part  in  land 
transfers.  A  good  example  of  this  is  shown  by  the  operation  of  the 
Napoleonic  Code  in  France. 

The  Napoleonic  Code,  which  now  governs  France  in  the  matter  of 
inheritance,  states  that  "each  heir  has  the  right  to  demand  in  kind 
his  share  of  real  and  personal  property."  This  means  that  every 
piece  of  property  must  be  divided  among  the  heirs,  if  the  heirs  demand 
such  a  division.  The  result  of  this  law  is  that  farms  have  been  divided, 
and  subdivided,  and  divided  again  to  a  point  where  some  of  them 
have  become  too  small  to  support  their  owners.  Examples  are  given 
of  heirs  being  assigned  a  certain  row  of  grapes  in  the  vineyard,  and  a 
certain  number  of  trees  in  the  orchard.  Such  division  of  property 
perpetuates  and  accentuates  the  costly  burden  of  farming  small 
separated  plots. 

In  contrast,  the  inheritance  laws  of  Switzerland  are  designed  to 
avoid  excessive  division  of  property.  Prior  to  1912  there  was  no 
Federal  law  on  this  subject  which  was  vaHd  for  the  whole  of  Swit- 
zerland. Each  of  the  25  Cantons  had  its  own  laws  on  the  matter. 
In  1898  it  was  decided  by  a  referendum  vote  to  codify  the  civil  law 
of  Switzerland,  including  the  laws  of  inheritance.  The  Swiss  Peasants 
Union,  through  its  secretariat,  was  consulted,  with  a  view  to  the 
formulation  of  legislation  which  would  avoid  the  danger  of  excessive 
subdivision  of  farms  and  at  the  same  time  avoid  the  excessive  encum- 
brance of  debt  incurred  to  settle  the  claims  of  coheirs.  The  following 
is  a  brief  summary  of  the  existing  legislation. 

The  Swiss  law  provides  that  any  heir  may  demand  the  whole  estate 
undivided.  If  the  heirs  are  unable  to  decide  among  themselves  con- 
cerning the  one  who  is  to  receive  the  undivided  estate,  the  question 
is  submitted  to  a  designated  court  for  decision.  In  deciding,  the 
judge  is  required  by  law  to  consider  certain  factors.  For  example: 
(1)  The  heir  who  will  actually  live  on  the  farm  and  work  the  land 
has  preference  over  heirs  who  wish  to  sell  it;  (2)  the  son  who  has  lived 
on  the  farm  the  longest  has  preference  over  other  sons;  (3)  other 
things  being  equal,  the  sons  have  preference  over  the  daughters; 
and  (4)  the  customs  of  the  different  Cantons  regarding  inheritance 
must  be  respected  in  giving  preference  to  heirs. 

An  important  point  in  the  law  is  that  the  one  who  receives  the 
farm  pays  for  the  shares  of  the  other  heirs  on  the  basis  of  the  earning 
capacity  of  the  farm  and  not  on  the  basis  of  its  market  value.  Land 
in  Switzerland  is  overcapitahzed  as  it  is  in  America.  Experience 
expressed  through  the  medium  of  detailed  farm-accounting  data 
shows  that  the  relative  earning  value  of  small  Swiss  farms  is  nearly 


14       TECHNICAL   BULLETIN    101,  U.  S.  DEPT.  OF  AGRICULTURE 

always  lower,  and  sometimes  very  much  lower,  than  their  average 
market  value.  It  has  been  found  that  the  market  value  of  a  Swiss 
farm  is  generally  from  one-sixth  to  one-third  higher  than  that  justified 
by  earning  capacity. 

The  reasons  for  this  lie  in  part  in  the  fact  that  in  some  sections  of 
the  country  the  demand  for  land  exceeds  the  supply.  Psychological 
reasons  also  play  an  important  role,  since  there  is  a  great  desire  to 
possess  land  even  though  the  interest  justly  chargeable  against  the  sales 
value  of  the  land  may  be  lower  than  the  interest  on  ordinary  capital. 

Switzerland  does  not  consider  it  to  be  good  national  economy  for 
an  heir  to  be  compelled  to  acquire  land  at  a  price  higher  than  that 
justified  by  the  earning  capacity  of  the  land  in  question.  The  Swiss 
Peasants  TJnion  has  been  keeping  farm  accounts  and  farm-cost  records 
for  a  period  of  25  years.  These  data  furnish  much  information  on  the 
earning  capacity  of  farms  in  all  sections  of  the  country,  and  for  dif- 
ferent types  of  farming.  Upon  the  basis  of  these  records,  the  organi- 
zation has  worked  out  rate  formulas  for  use  by  the  courts  and  by  inter- 
ested parties  in  arriving  at  land  values  based  upon  earning  capacity.^ 

The  Napoleonic  Code  tends  to  promote  division  of  property.  The 
Swiss  law  is  designed  to  maintain  rural  property  undivided.  When 
Alsace-Lorraine  was  taken  over  by  France  after  the  World  War, 
those  Provinces  had  a  law  similar  to  the  Swiss  law.  After  consider- 
able difficulty  they  have  succeeded  in  securing  permission  from  the 
French  Government  to  retain  those  laws  rather  than  return  to  the 
Napoleonic  Code. 

The  question  of  inheritance  has  been  treated  in  some  detail  because 
of  its  possible  application  to  United  States  conditions.  It  is  believed 
that  there  is  room  for  improvement  in  the  United  States  in  the 
matter  of  the  transfer  of  rural  property  by  inheritance.  Certainly 
many  an  heir  of  farm  property  is  forced  to  pay  the  penalty  of  over- 
capitalization in  settling  with  the  other  heirs,  in  order  to  maintain 
the  old  homestead  intact. 

UTILIZATION   OF  LAND 

Switzerland  has  an  area  of  10,204,000  acres.  Of  this,  22  per  cent 
is  classed  as  unproductive  agriculturally.  (Table  6.)  Since  the 
country  is  known  for  the  height,  ruggedness,  and  plentifulness  of  its 
mountains,  altitude  and  topography  explain  why  a  considerable  por- 
tion of  Switzerland  is  unavailable  agriculturally.  The  productive 
area  consists  roughly  of  one-third  forests  and  farm  wood  lots,  one- 
half  hay  and  pasture  lands,  with  the  remaining  17  per  cent  given 
over  to  peat  bogs,  orchards,  gardens,  and  field  crops. 

Table  6. — Acreage  of  agricultural  land  in  Switzerland,  1924  {26) 


Class  of  land 

Acreage 
(1,000 
acres) 

Percent- 
age of 
total 

acreage 

Productive: 
Agricultural 

5,678 
2,  225 

.55.  6 

Forests 

21.8 

Total - 

7,904 

77.4 

Unproductive- ' 

2,301 

22.6 

Total 

10,204 

100.0 
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The  plowed  land  approximates  less  than  10  per  cent  of  the  total 
productive  area,  and  about  7  per  cent  of  the  total  area  of  the  nation. 

A  fact  worthy  of  notice  is  that  the  agricultural  industry  with  a  tilled 
area  no  larger  than  the  State  of  Rhode  Island  supports  in  an  accept- 
able manner,  when  measured  by  United  States  standards,  an  agricul- 
tural population  of  over  1,000,000  people,  and  is  a  country  of  no  mean 
importance  as  an  exporter  of  dairy  products. 

Meadows  rank  first  in  importance  from  the  standpoint  of  area, 
cereals  are  second,  and  potatoes  rank  third.  All  other  tilled  crops 
combined  occupy  less  than  4  per  cent  of  the  plowed  area.     (Table  7.) 

Table  7. — Utilization  of  farm  land  in  Switzerland,  average,  1901-1923,  annual. 


1923  {26) 

Classification 

Distribution  of 
total  farm  acreage 

Average 
1901-19231 

1923  » 

Plowland: 

Per  cent 

13.0 

4.3 

1.2 

.7 

15.7 

.3 

.1 

Per  cent 
12.4 

Potatoes                                                                           - 

3.7 

1.5 

1.7 

Artifical  prairie                                                                 - 

12.3 

Animal  forage                                                                                 -  - 

.1 

Industrial  plants                                 

.2 

Total        

35.3 

31.9 

Natural  prairi© 

57.3 
3.5 
2.5 
1.4 

59.9 

3.7 

Pasture  land                                                               -  -     

3.2 

Vineyards          _ 

1.3 

Total                                                                         

100.0 

100.0 

Farm  wood  lots  and  forests  excluded. 

1  Based  upon  the  detailed  accounts  of  1,794  farms. 
*  Based  on  detailed  accounts  of  77  farms. 


CEREALS 


The  cereals,  although  occupying  a  relatively  small  proportion  of 
the  total  area  of  Switzerland,  are  an  important  crop  nationally.  Ordi- 
narily, Switzerland  can  purchase  cereals  at  less  expense  than  it  can 
grow  them.  During  the  World  War,  however,  the  country  under- 
went an  experience  which  it  does  not  care  to  repeat.  Wheat  imports 
were  reduced  from  22,046,000  bushels  in  1916  to  2,116,000  bushels  in 
1918.  This  situation  brought  about  a  serious  food  shortage.  Its 
amelioration  has  been  the  aim  of  extended  Government  action. 

In  1917  the  Government  purchased  all  bread  cereals  under  a  system 
of  fixed  prices.  Up  to  and  including  the  year  1920  the  prices  paid  by 
the  Government  were  less  than  the  market  price,  but  the  Govern- 
ment-guaranteed price  since  1920  has  been  above  the  market  price. 
It  is  certain  that  the  Swiss  farmer  can  not  afford  to  compete  with 
regioQs  that  are  better  suited  to  the  production  of  cereals  without  the 
assistance  of  a  subsidy  of  some  sort.  It  is  a  question  of  national 
importance  as  to  whether  the  Government  should  continue  to  en- 
courage the  production  of  cereals  through  a  system  of  guaranteed 
prices.  In  a  recent  national  election  it  was  decided,  by  a  narrow 
margin,  that  the  cereal  monoply  should  be  discontinued.  The  Swiss 
public  must  say  whether  it  is  willing  to  bear  the  cost  of  cereal  self- 
sufficiency.  Table  8  gives  the  production  of  cereals  in  Switzerland 
for  1917,  1918,  and  1921-1927. 
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Table  8. — Cereals:  Production  in  Switzerland,  specified  years  {26) 


Year 

Wheat 

Rye 

Spelt 

Oats 

Barley 

Maslin  i 

Com 

Winter 

Spring 

Winter 

Spring 

Winter 

Spring 

Bushels 

Bushels 

Bushels 

Bushels 

Bushels 

Bushels 

Bushels 

Bushels 

Bushels 

Bushels 

1917- . 

2, 869,  654 

161, 671 

1, 208,  593 

74, 012 

1, 857, 376 

4, 209, 408 

128, 602 

564, 010 

427,616  !  274,788 

1918- 

4,  967,  699 

304, 970 

1,531,410 

95,  270 

3, 169, 112 

5,  008,  576 

95,073 

858,  875 

545,448     417,299 

1921.. 

3,  477,  756 

96,268 

1,  523,  536 

35,  037 

1,  890, 444 

3,  035,  459 

80, 376 

472,611 

465,627  1  218,492 

1922.. 

2,  259,  715 

102,  881 

1,456,611 

37,006 

1,  526,  686 

2,  463,  640 

72, 109 

419, 333 

393,787  !  183,454 

1923.. 

3,  483,  268 

110,  230 

1,  602,  272 

43,  305 

2, 055,  790 

3,  058,  882 

82,  672 

486, 849 

505,538  i  165,345 

1924- . 

3,  012,  953 

99,207 

1,  393,  622 

39,  368 

1,  758, 168 

2,  693,  746 

73,  487 

445,  513 

452,  323 

177, 155 

1925.. 

3,420,804 

95,  533 

1,  598,  335 

39,  368 

1,  984, 140 

2,  686,  856 

82,  672 

445,  513 

497,  936 

177, 155 

1926  2 

3,  872,  747 

157, 996 

1,  495,  979 

86,609 

1,  741,  634 

3, 107, 108 

78,  080 

486, 849 

448,  522 

129, 914 

1927  . 

3,058,882 

583 

,300 

153,  535 

Estimates,  Secretariat  des  Paysans  Suisses. 

1  Wheat  and  rye  mixed. 

2  The  yields  in  bushels  per  acre  for  1926  are  given  as  follows:  Winter  wheat,  32;  spring  wheat,  25.3;  winter 
rye,  32.7;  spring  rye,  25.2;  spelt,  50;  oats,  61.5;  winter  barley,  37;  spring  barley,  34.7;  maslin,  38.8,  and  corn,  39 

It  is  interesting  to  note  from  the  data  contained  in  Table  9  that 
the  average  yield  of  winter  wheat,  of  which  most  of  the  wheat  crop 
in  Switzerland  is  composed,  is  32  bushels  per  acre — over  twice  that 
of  the  United  States. 

Table  9. —  Yield  per  acre  of  specified  agricultural  products,  average  1917-1921  {26) 


Crop 

Weighted 

average 

yield 

1917-1921 

Crop 

Weighted 
average 

yield 
1917-1921 

Wheat: 

Winter- .- 

Bushels 
32.0 
25.3 

33.5 
27.1 
49.1 
34.1 

39.0 
35.7 
57.2 
47.8 
237.9 

Beets 

Short  tons 
18  7 

Spring 

Carrots 

8  5 

Rye: 

Rutabagas.. 

13  4 

Winter-                                      .    . 

Rape 

8  9 

Spring 

Artificial  prairies: 
Hay,  first  cutting 

Spelt.  - - 

2  6 

Maslin 

Hay,  second  cutting 

1  2 

Barley: 
Winter 

Natural  prairies: 

Hay,  first  cutting 

2  2 

Spring... .     

1  1 

Oats 

Tobacco 

s 

Corn 

Potatoes 

POTATOES 


Potatoes  are  an  important  crop.  Around  one-seventh  of  the 
plowed  area  is  given  over  to  their  culture.  The  average  yield  in 
1926  was  189.9  bushels  per  acre.     (Table  10.) 

Table  10. — Potatoes:  Acreage  and  production  in  Switzerland,  1918-1926 


Year 

Acreage 

Produc- 
tion 

Average 

yield 
per  acre 

Year 

Acreage 

Produc- 
tion 

Average 

yield 
per  acre 

1913 

Acres 
114,  902 
114,902 
121, 079 
134,  670 
140,  229 
147,  766 
140, 106 

1,000 
bushels 
26,639 
19, 107 
30, 681 
18,  372 
38,  573 
34,304 
30,  313 

Bushels 
231.8 
166.3 
253.4 
136.4 
275.1 
232.1 
216.4 

1920 

Acres 
123, 105 
112,851 
111,837 
110. 454 
110,454 
110,500 
118,000 

1,000 
bushels 
28, 248 
25, 371 
24,820 
25,  206 
19,841 
27,190 
22, 413 

Bushels 
229.5 

1914 

1921 

224.8 

1915 

1922 

221  9 

1916- 

1923 

228.2 

1917 

1924 

179.6 

1918-   - 

1925 

246.  1 

1919 

1926 

189.9 

Estimates  of  the  Secretariat  des  Paysans  Suisses  (27). 
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FRUITS 

Fruits  occupy  a  recognized  place  in  the  Swiss  farm  system. 
Apples,  grapes,  pears,  cherries,  and  prunes  are  the  most  important. 
Of  the  home-grown  fruits  (other  than  grapes)  45  per  cent  are  con- 
sumed fresh  and  around  50  per  cent  go  into  cider.  Canning  and 
preserves  take  only  a  little  over  1  per  cent.  The  remainder  is  dis- 
tilled or  exported. 

In  certain  Cantons  the  grape  wine-making  industry  is  an  important 
farm  enterprise.  (Table  11.)  It  is  estimated  that  in  1924  vineyards 
occupied  nearly  35,000  acres,  producing  8,078,345  gallons  of  wine, 
valued  at  $7,274,000. 

Table  11. — Acreage  in  grapes  and  production  of  wine  in  Switzerland,  1910-1926 

{26,  27) 


Year 

Acre- 
age in 

Total 
pro- 
duction 

Pro- 
duction 
of  wine 

Total 
value 

Aver- 
price 

Year 

Acre- 
age in 

Total 
pro- 
duction 

Pro- 
duction 
of  wine 

Total 
value 

Aver- 
price 

grapes 

of  wine 

per  acre 

per 
gallon 

grapes 

of  wine 

per  acre 

per 
gallon 

.1,000 

1,000 

1,000 

1,000 

Acres 

gallons 

Gallons 

dollars 

Dollars 

Acres 

gallons 

Gallons 

dollars 

Dollars 

1910 

59,  895 

6,435 

107.4 

2,881 

0.448 

1919 

46,400 

15, 577 

335.7 

12,290 

.789 

1911 

58,165 

19,  787 

340.2 

8,694 

.439 

1920 

45, 573 

15,996 

351.0 

13,  629 

.852 

1912 

56,583 

17,406 

307.6 

5,672 

.326 

1921 

44,221 

12,643 

285.9 

11,895 

.941 

1913 

54,  789 

4,787 

87.4 

1,839 

.384 

1922 

37,285 

26, 931 

722.3 

12,  724 

.472 

1914 

52, 761 

9,724 

184.3 

4,055 

.417 

1923 

35,  753 

19,  747 

552.3 

11,332 

.574 

1915 

51,150 

17,603 

344.1 

7,675 

.436 

1924 

34,940 

8,078 

231.2 

7,274 

.900 

1916 

49,  731 

8,757 

176.1 

5,131 

.586 

1925 

36,694 

14,529 

396.0 

12,659 

.871 

1917 

45,634 

16,053 

351.8 

13,366 

.833 

19261...- 

36,331 

12,024 

331.0 

11,588 

.964 

1918 

46,  393 

20,  214 

435.7 

27,  539 

1.362 

See  Table  53  for  average  yearly  values  of  the  franc. 
I  Preliminary. 


UVESTOCK 


The  last  livestock  census  was  made  in  1921.  At  this  time  the 
number  of  cattle  equaled  the  number  of  all  other  livestock  on  farms. 
However,  there  have  not  been  as  many  cattle  in  the  country  since  the 
war  as  there  were  in  1916.     (Table  12). 


Table  12. — Livestock:  Number  in  Switzerlano 

,  specijiec 

years  (26) 

Kind 

1886 

1906 

1916 

1918 

1920 

1921 

19261 

Horses 

98, 622 

2,742 

2,046 

1,  212,  538 

394, 917 

341,804 

416,  323 

135,  372 

3,153 

1,679 

1, 498, 144 

548,  970 

209,997 

362, 117 

136, 836 

3,079 

1,288 

1,  616  893 

544,563 

172,938 

358,  887 

128, 971 

3,092 

1,072 

1,  530,  522 

365,  798 

229,649 

350,  455 

129,  769 

3,588 

910 

1,382,116 

546, 122 

240,  553 

333,  852 

134, 147 

3,835 

904 

1, 425,  341 

640,091 

245,  344 

330,  048 

139,  283 

Mules 

Donkeys 

Cattle 

1,  587, 110 
635,  349 
169,  252 
287,083 

HogS- 

Sheep 

Goats 

Annuaire  Statistique  de  la  Suisse  (S). 


Of  the  1,425,341  cattle  in  1921,  over  one-half,  746,591  were  dairy 
cows.  Hogs  are  an  important  adjunct  to  the  farm  dairy.  Large 
numbers  of  hogs  are  kept  to  utilize  the  whey  of  cheese  factories. 

FARM    RECEIPTS   AND   EXPENSES 

The  utilization  of  land  is  one  index  to  the  farm  activities  of  a  country, 
but  the  division  of  farm  expenses  and  receipts  is  perhaps  a  better  one. 
In  no  country  are  farm-accounting  data  so  readily  available  as  in  Swit- 
zerland (12).  For  nearly  25  years  the  Swiss  Peasants'  Union  has  con- 
ducted accounting  schools  attended  by  120  to  130  farmers  each  year. 
44713°— 29 2 
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The  union  pays  the  round-trip  railway  fares  of  the  participants  to  and 
from  their  homes  to  the  place  where  the  course  is  given.  In  addition, 
the  union  furnishes  rooms  and  meals  during  the  course,  as  well  as  all 
materials  needed  in  the  course.  In  return  for  this  compensation,  the 
farmer-students  sign  a  written  agreement  to  keep  an  account  of  their 
farm  activities  for  one  year  according  to  the  prescribed  method  and 
to  place  their  books  at  the  disposition  of  the  union  for  analysis.  Many 
farmers  keep  accounts  for  more  than  one  year.  Up  to  April,  1925, 
the  union  had  received  and  analyzed  6,944  yearly  records.  This 
number  gives  Switzerland  with  its  limited  farm  area,  a  valuable  and 
reliable  body  of  data  pertaining  to  the  profitableness  of  farming. 
(See  discussion  on  "Office  of  research  on  the  profitableness  of 
agriculture,"  p.  49.) 

The  gross  returns  to  agriculture  for  different  years  are  shown  in 
Table  13.  In  1924  the  returns  from  dairying,  stock  feeding,  and  hog 
raising — three  branches  of  the  dairy  industry — account  for  more  than 
two-thirds  of  the  total  returns  from  all  farm  activities  (11).  Fruits 
came  next  with  7  per  cent.  Cereals  amounted  to  only  2.66  per  cent — a 
rather  small  item.  Not  only  is  dairying  the  corner  stone,  but  it  forms 
a  goodly  part  of  the  income  structure. 


Table  13. 


-Gross  returns   of  agriculture  in  Switzerland,  1911,  average,  1920-21  ^ 
annual,  1923-1926  {26,  28) 


Item 


Value  of  product 


1911 


Aver- 
age 

1920- 
21 


1923 


1924 


1925 


19261 


Percentage  of  total  value 


1911 


Aver- 


1920- 
21 


1923 


1924 


1925 


19261 


Cereals 

Potatoes 

Sugar  beets 

Hemp  and  flax 

Tobacco 

other        cultivated 

plants 

Hay  for  horses  not 

occupied  on  farms.. 

Vines.- 

Fruits 

Nurseries  and  gardens 

Cattle  breeding 

Stock  feeding 

Horses 

Hogs 

Sheep: 


Poultry. 


Silk  culture - 
Dairying 

Total - 


1,000 

dolls. 

4,825 

6,680 

114 

149 

67 

68 

1,308 

6,022 

14,  784 

4,246 

1,830 

33,  242 

3,667 

19, 989 

801 

704 

3,976 

866 

29 

70, 459 


1,000 

dolls. 

16, 957 

11,514 

512 

38 

43 

51 

1,790 

17, 128 

24,  646 

5,224 

514 

70,997 

5,  995 

61,993 

2,318 

1,319 

18,  725 

1,355 

33 

111,575 


1,000 

dolls. 

10,  655 

9,996 

307 

36 

36 

90 

1,387 
14,  583 
19,124 

5,870 

2,156 
60,330 

6,395 
35,  759 

1,666 

898 

12,488 

1,093 

33 

94,  430 


1,000 

doHs. 

7,289 

9,712 

381 

36 

146 

91 


9,439 

20, 190 

6,013 

935 

57,  227 

5,851 

36,  718 

1,795 

982 

12,860 

802 

26 

102,  741 


1,000 
dolls. 
11,538 
10, 147 

387 
29 

116 

77 

812 

13,915 

14, 495 

6,571 

928 

67,  864 

5,556 

38,306 

1,643 

773 

13,  587 

3,092 

27 

116,621 


1,000 

dolls. 

10, 139 

9,039 

406 

19 

19 

68 


2.78 

3.84 

.07 

.09 

.04 


3.74 
.11 
.01 
.01 


3.65 
3.26 
.15 
.01 
.01 

.02 

.32 

4.18 

7.12 

1.97 

.34 

20.01 

1.95 

12.31 

.54 

.27 

5.14 

.22 

.01 

38.52 

173,  816  342,  727  267,  232  274,  094  296,  384  277, 412  100.  00  100.  00  100.  00  100.  00  100.  00  100.00 


106, 


75 

46 

61 

44 

05 

12 

11 

60 

.46 

.40 

2.29 

.50 

.02 

54 


40. 


32 


2.66 

3.-54 

.14 

.01 

.05 

.03 

.31 

3.44 

7.37 

2.19 

.34 

20.88 

2.14 

13.40 

.66 

.36 

4 

.29 

.01 

37.49 


3. 

3.42 
.13 
.01 
.04 

.03 

.27 
4.70 
4.89 
2.22 
.31 
19.52 
1 

12.93 
.56 
.26 
4.58 
1.04 
.01 
39.31 


See  Table  53  for  average  value  of  the  franc. 
1  Preliminary. 


The  labor  income  of  the  farmer  and  the  adult  members  of  his  family 
working  on  the  farm  and  in  the  household  ranged  from  73  cents  per 
person  per  day  for  the  period  1901-1905  to  $4.71  for  1918.  In  1923 
it  was  $1 .89.  (Table  14.)  The  labor  income  is  arrived  at  by  subtract- 
ing from  the  gross  returns  all  operating  expenses  and  interest  on  land 
and  capital  at  4K  per  cent.  The  remainder  is  considered  as  compensa- 
tion for  the  work  of  the  operator  and  members  of  his  family.  The 
year  is  considered  as  having  330  working  days. 
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Table  14. — Labor  income  per  day  for  farm  operator  and  family,  classified  by  size  of 
farm,  average,  1901-1919,  annual,  1918-1925  {10)  ^ 


Income  per  day  by  size  of  farm 

Year 

7  to  12 
acres 

13  to  24 
acres 

25  to  37 
acres 

38  to  74 
acres 

Over  74 
acres 

Average 

Average: 
1901-1905 

Dollars 

0.54 

.63 

1.49 

2.48 

1.82 

1.77 

.82 

.62 

1.27 

1.38 

1.22 

Dollars 
0.63 

.80 
1.87 
3.20 
2.36 
1.97 
1.16 

.81 
1.48 
1.34 
1.34 

Dollars 
0.70 

.90 
2.32 
4.19 
3.04 
2.20 
1.34 

.87 
1.73 
1.46 
1.49 

Dollars 
0.80 
1.14 
3.08 
5.69 
3.54 
2.84 
1.48 
.54 
2.79 
1.90 
1.86 

Dollars 
0.99 
1.13 
4.01 
7.98 
5.20 
3.60 
1.40 
1.22 
2.19 
1.20 
1.17 

Dollars 
0  73 

1906-1913 

.92 

1914-1919 

2.55 

1918 

4.71 

1919 

3.19 

1920 

2.48 

1921 

1.24 

1922 

81 

1923     

1.89 

1924 

1.46 

1925 

1.42 

>  "Family"  consists  of  adults  occupied  on  the  farm  and  in  tlie  household. 

The  division  of  the  cost  of  farm  operations  per  acre  is  interesting 
inasmuch  as  it  gives  the  application  of  labor  and  capital  per  unit  of 
land.  These  data  are  given  in  Table  15.  In  1924  labor  claimed  42 
per  cent  of  the  total  costs.  Interest  on  land  and  capital  took  23  per 
cent.  The  Swiss  farmer  applied  on  an  average  around  $45  worth  of 
labor  per  acre  for  all  land  in  farms  in  1924.  This  gives  an  idea  of 
the  intensity  of  cultivation  when  compared  with  labor  expenditures 
in  the  United  States. 

Table  15. — Cost  of  production  and  net  returns  per  acre  for  a^eage  cultivated,  in 

Switzerland,  1908-1913  and  1920-1924  (3) 

COST  OF  PRODUCTION  PER  ACRE 


Average 

1920 

1921 

1922 

1923 

Item 

1908- 
1913 

1920- 
1924 

1924 

Depreciation: 

Land  and  buildings 

Dollars 
L51 
.85 
1.41 

Dollars 
2.81 
6.24 
3.23 

Dollars 
2.38 
2.76 
2.54 

Dollars 
2.63 
9.98 
3.67 

Dollars 
3.11 
11.65 
3.91 

Dollars 
2.96 
3.17 
3.03 

Dollars 
2  97 

Livestock 

3  64 

Miscellaneous  _ 

3  02 

Total 

3.77 

12.28 

7.68 

16.28 

18.67 

9.16 

9.63 

Unexhausted  improvements 

.08 
1.35 

L15 
4.36 
L43 
6.23 

.17 
2.62 

2.20 
6.72 
3.66 
12.32 

.12 
3.22 

3.00 
6.32 
3.69 
11.30 

.26 
3.30 

2.22 
6.52 
4.21 
11.30 

.19 
3.31 

L94 
7.15 
3.37 
12.70 

.15 
L48 

L88 
7.53 
3.55 
11.86 

11 

Losses  of  stock 

1.78 

Working  expense: 

Purchase  of  fertilizers 

1.95 

Purchase  of  concentrated  feeds    .  . 

6  05 

Repairs    .... 

3  49 

Miscellaneous 

14  45 

TotaL. 

13.17 

24.90 

24.31 

24.25 

25.16 

24.82 

25.94 

Interest  on  capital  assets 

17.79 

17.61 
7.76 

25.32 

29.34 
18.08 

24.94 

32.11 
18.36 

26.35 

3L25 
18.42 

26.15 

29.85 
18.30 

24.33 

26.68 
17.54 

24  83 

Wages: 

Members  of  family  

26  79 

Employees 

17  80 

Total 

25.37 

47.42 

50.47 

49.67 

48.15 

44.22 

44.59 

other  expenses 

.06 
61.59 

.12 
112.83 

.11 
110.85 

.11 
120.22 

.22 
12L85 

.10 
104.26 

08 

Total  cost  per  acre 

106  96 

NET  RETURNS  PER  ACRE 


Net  returns 

Net  returns  in  per  cent  of  capital  assets. 


Total  income  of  the  farm. 
Agricultural  income 


14.55 

Per  cent 
3.57 

Dollars 
25.06 
2L71 


14.35 

Per  cent 
5.85 

Dollars 
30.17 
25.88 


27.13 

Per  cent 
.89 

Dollars 
49.37 
44.89 


1.44 

Per  cent 
1.15 

Dollars 
25.39 
20.86 


8.26 

Per  cent 
4.06 

Dollars 
12.19 
7.72 


20.25 

Per  cent 
2.68 

Dollars 
34.94 
30.99 


14.68 

Per  cent 
2.93 

Dollars 
28.98 
24.93 
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AGRICULTURAL   IMPORTS   AND   EXPORTS 

Since  the  money  has  remained  fairly  stable  ^  in  Switzerland  it  is 
possible  to  compare  the  relative  importance  of  imports  and  exports  on 
a  basis  of  value. 

Cereals  are  the  outstanding  agricultural  imports.  In  1925  they 
amounted  to  over  40  per  cent  of  the  total.  Meat,  wines,  and  cattle, 
came  next  in  the  order  named.     (Table  16.) 

Table  16. — Imports  of  agricultural  products  into  Switzerland,  average,  1906-1913, 
annual,  1920-1926  (16,  26,  27) 


Item 


Aver- 


1906- 
1913 


1920 


1921 


1922 


1923 


1924 


1925 


1926  1 


Forestry.. 

Field  cereals 

Animal  products,.. 
Poultry  products- 
Dairy  products 

Fruit 

Vineyard  products. 

Vegetables. -_ 

Bee  products 

Tobacco 

Horses  and  mules.. 

Cattle.— 

Small  livestock 


1,000 
dollars 
2,314 
35, 877 
10, 169 
5,513 
3,896 
1,588 
8,278 
1,910 
104 
2,080 
2,138 
7,798 
2,518 


1,000 
dollars 

3,940 
58,564 
22,  378 

5,607 
13,364 

1,702 
24,466 

2,702 

436 

11,  852 

4,171 

2,814 
197 


1,000 
dollars 
2,369 
54,214 
18,638 
7,042 
9,275 
2,558 
18,973 
2,074 
254 
2,001 
3,507 
2,586 
722 


1,000 

dollars 

3,245 

38, 513 

11, 595 

6,471 

7,308 

1,925 

15, 135 

2,808 

115 

2,451 

2,056 

1,112 


1,000 

dollars 

6,195 

46,848 

15,  399 

6,871 

6,980 

1,959 

11,078 

2,757 

136 

5,480 

1,621 

3,378 

1,862 


1,000 
dollars 
5,568 
45,502 
16, 025 
7,490 
9,431 
2,432 
12,  031 
2,830 
184 
1,345 
1,978 
9,725 
1,467 


1,000 

dollars 

5,008 

54, 352 

15, 951 

8,093 

9,584 

3,338 

13, 410 

3,259 

230 

3,026 

1,992 

6,652 

637 


1,000 
dollars 
5,666 

60,160 

16, 017 
7,840 
8,063 
3,717 

13,288 
3,618 
219 
3,732 
2,008 
4,140 
1,853 


Total 84,183 


152, 193 


124,  213 


93,099 


109,564 


116,008 


125, 432 


120,220 


See  Table  63  for  average  yearly  values  of  the  franc. 
1  Preliminary. 

As  to  exportations,  dairy  products  (principally  cheese)  overshadow 
all  other  items.  Combined,  they  constitute  about  90  per  cent  of  the 
total.     (Table  17.) 

Table  17. — Exports  of  agricultural  products  from  Switzerland,  average,  1906-1913, 

annual,  1920-1925  {26) 


Item 

Aver- 
age, 
1906- 
1913 

1920 

1921 

1922  <» 

1923* 

1924 

1925 

Fruit 

1,000 

dollars 

932 

81 

304 

2,415 

\l 

18,  747 
672 

1,000 

dollars 

3,095 

144 

403 

643 

8 

3 

10,  941 

7,222 

1,000 

dollars 

357 

44 

26 

451 

6 

19 

14,441 

1,658 

1,000 

dollars 

623 

39 

299 

1,964 

1 

3 

19,723 

1,815 

1,000 

dollars 

326 

42 

76 

2,115 

8 

2 

18,997 

1,264 

1,000 

dollars 

1,069 

51 

32 

935 

19 

8 

24,750 

1,082 

1,000 
dollars 
466 

Wine 

44 

Meat 

183 

Cattle 

948 

Hogs 

103 

Sheep  and  goats... .. 

6 

Dairy  products 

27, 672 

Wood 

1,089 

Total 

23,177 

22,459 

17,002 

24,457 

22,820 

27,946 

30,609 

See  Table  53  for  average  yearly  values  of  the  franc. 

o  There  is  a  slight  difference  between  these  totals  for  1922  and  1923  and  those  in  the  original  source.    The 
numbers  in  the  source  do  not  add  to  the  total. 
'  Landwirtschaftliches  Jahrbuch  der  Schweiz,  1927  {15,  p.  ^48). 

»  See  Table  53  for  values  of  the  franc. 
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The  interesting  point  in  the  comparison  is  that  the  value  of  agri- 
cultural imports  is  over  four  times  that  of  agricultural  exports, 
which  is  another  indication  that  Switzerland  is  predominantly  an 
industrial  nation. 

It  is  estimated  that  Switzerland  imports  in  normal  times  one-fourth 
of  its  food  supply  (2). 

Table  18  gives  a  summary  of  the  per  capita  consumption  and  the 
percentage  of  important  food  products  imported  during  1906-1912 
and  1920-21. 


Table  18. — Annual  per  capita  food  consumption  in  Switzerland,  showing  percentage 
domestic  and  imported,  average,  1906-1912  and  1920-21 


Unit 

Average,  1906-1912 

Average,  1920-21 

Item 

Per 

capita 
con- 
sump- 
tion 

Percentage  of  total 

Per 

capita 
con- 
sump- 
tion 

Percentage  of  total 

Domestic 
product 

Imported 
product 

Domestic 
product 

Imported 
product 

Bread  cereals .. 

Pound 

Bushel 

Gallon.... 

Pound 

...do - 

375 
5.0 
14 

67.0 
45.2 
2.4 
1.1 
3.5 
4.4 
117 

1.4 
619 
24.7 
11.2 
50.0 
6.2 

16 
87 
33 

73 
79 
36 
98 
30 
33 
35 
88 
100 
92 
73 
4 

84 
13 
67 

27 
21 
64 
2 
70 
67 
65 
12 

293 
4.4 
13 

56.7 
43.2 
1.5 
1.1 
2.6 
4.0 
123 

1.0 

617 

24.0 

11.0 

47.0 

7.3 

27 
95 
26 

88 
83 
90 
99 
53 
40 
68 
65 
100 
98 
63 
6 

73 

Potatoes 

5 

Wine 

74 

Meats: 

Beef 

12 

Pork 

17 

Mutton.. 

Goat 

Poultry 

Fish... 

...do 

—do 

..-do 

...do 

10 

1 

47 

60 

Eggs 

Number. - 
Pound 

...do- 

...do. 

...do- 

...do. 

do    . 

32 

Honey 

35 

Milk 

Cheese 

Butter... 

Sugar.-.. 

Coffee 

8 
27 
96 
100 

2 
37 
94 
100 

THE    DAIRY   INDUSTRY 

Swiss  agriculture  revolves  around  the  dairy  cow.  The  climate, 
and  a  mountainous  topography  especially  suitable  for  utilization  as 
pastures  and  the  production  of  hay  and  forage,  together  with  a  people 
backed  by  traditions  and  experiences  of  centuries  as  herdsmen  and 
stock  raisers,  combine  to  make  this  small  country  outstanding  in  the 
production  of  milk  and  dairy  products. 

MILK   PRODUCTION 

In  1925  there  were  842,000  dairy  cows  in  the  country  producing  an 
annual  average  of  756.4  gallons  of  milk  per  cow.  (Table  19.)  One  of 
the  important  achievements  of  the  industry  is  the  high  average 
production  per  cow.  Compare  the  above  figure  with  the  yearly 
average  of  4,500  pounds,  or  523.3  gallons,^  for  United  States  cows  in 
1925. 


•  Converted  on  the  basis  of  8.6  pounds=l  gallon. 
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Table  19. — Milk  production  in  Switzerland  in  specified  years  {26) 


Annual  milk 

Annual  milk 

production 

Total 

production 

Total 

Year 

Milk 
cows 

Milk 
goats 

milk 
produc- 

Year 

Milk 
cows 

Milk 
goats 

milk 

produc- 

Per 

Per 

tion 

Per 

Per 

tion 

cow 

goat 

cow 

goat 

1,000 

1,000 

Number 

Number 

Galls. 

Galls. 

galls. 

Number 

Number 

Galls. 

Galls. 

galls. 

1866 

553,  205 

262, 837 

511.4 

76.9 

294,801 

1918 

786, 566 

250,000 

638.3 

97.4 

528,079 

1876 

592,413 

277,  200 

548.6 

76.9 

336,  586 

1919 

738,  896 

247,  242 

617.8 

97.4 

481,  936 

1886 

663, 102 

291, 420 

584.5 

76.9 

398,  622 

1920 

729,999 

242, 599 

674.2 

102.5 

517, 825 

1896 

688,052 

291, 100 

620.4 

79.5 

450,  277 

1921 

746, 591 

239, 863 

717.8 

102.5 

560, 481 

1901 

739,922 

248,  200 

653.7 

79.5 

503, 469 

1922 

760,000 

240,000 

769.0 

102.5 

609, 085 

1906 

785,  950 

253,500 

699.8 

89.7 

573, 452 

1923 

780,000 

240,000 

774.2 

102.5 

628, 465 

1911 

796,909 

238,900 

763.9 

102.5 

634,463 

1924 

810,000 

240,000 

774.2 

102.5 

651,690 

1916 

849,011 

254, 369 

740.8 

102.5 

656,253 

1925 

842,000 

225,000 

756.4 

102.5 

659,842 

The  total  milk-production  figures  1916-1924  are  estimates  of  the  Swiss  Milk  Commission. 

The  increase  in  the  production  of  milk  for  commercial  purposes 
has  been  marked  during  the  past  few  years.  There  was  an  18  per 
cent  increase  in  1922  over  1921;  4}^  per  cent  increase  in  1923  over 
1922;  and  a  6  per  cent  increase  in  1924  over  1923.  These  increases 
are  due,  in  part  at  least,  to  the  marked  decrease  in  production  follow- 
ing 1916. 

UTIUZATION  OF  MILK 

The  milk  production  in  1925  amounted  to  about  660,000,000 
'gallons.  Roughly,  16  per  cent  is  fed  to  livestock,  42  per  cent  is  con- 
sumed as  whole  milk,  and  41  per  cent  is  manufactured  into  dairy 
products.  (Table  20.)  In  all,  over  two-thirds  of  the  milk  leaves  the 
farm  and  enters  market  channels. 

Table  20. — Production  and  utilization  of  milk  in  Switzerland  in  specified  years  {26) 


Used  in 

manufac- 

Produc- 
tion 

Fed  to  livestock 

Consumption 

ture  of  dairy 
products 

Year 

Percent- 

By popu- 
lation 
other 

than  on 
farms 

Percent- 

Percent- 

Total 

age  of 
produc- 
tion 

On  the 
farm 

Total 

age  of 
produc- 
tion 

Total 

ageof 
produc- 
tion 

1,000 

1,000 

1,000 

1,000 

1,000 

1,000 

gallons 

gallons 

gallons 

gallons 

gallons 

gallons 

1866-- 

294,801 

54,474 

18.5 

165,  986 

165, 986 

56.3 

74, 341 

25.2 

1886-- 

398,622 

67, 676 

17.0 

185,084 

185, 084 

46.4 

145, 862 

36.6 

1896- 

450,  277 

74,  598 

16.6 

202,  516 

202,  516 

45.0 

173, 163 

38.4 

1911-. 

634,463 

109,205 

17.2 

99,463 

170, 728 

270, 191 

42.6 

255,067 

40.2 

1918- 

528,079 

112,794 

2L4 

94,849 

158,  936 

253,  785 

48.0 

161,500 

30.6 

1923-- 

628, 465 

110,  230 

17.5 

94,849 

175,  599 

270, 448 

43.0 

1  245, 634 

139.1 

1924. _ 

651, 691 

110,230 

16.9 

96,131 

179,  444 

275,  575 

42.3 

2  256, 938 

2  39.4 

1925. 

659,842 

107,667 

16.3 

98,694 

179, 444 

278, 138 

42.1 

3  269,  705 

3  40.9 

Figures  for  1918-1925  are  estimates  of  the  Swiss  Milk  Commisssion. 

>  2,153  gallons  (0.34  per  cent)  of  whole  milk  exported  in  1923  not  included. 

2  8,947  gallons  (1.37  per  cent)  of  whole  milk  exported  in  1924  not  included. 

3  4,332  gallons  (0.7  per  cent)  of  whole  milk  exported  in  1925  not  included. 
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Of  the  milk  handled  during  the  year  1922-23  by  3,572  cooperative 
dairy  societies,  nearly  one-half  was  used  for  the  manufacture  of 
cheese.  Table  butter  is  made  if  the  factory  has  not  enough  milk 
or  if  it  lacks  the  proper  installation,  or  for  some  other  reason  is  not 
in  position  to  make  a  full-sized  Emmenthal  or  Gruyere  cheese. 
Skim-milk  cheese  is  the  by-product  of  butter  manufacturing.  Cooking 
butter  is  made  from  whey  cream  as  a  by-product  of  the  ordinary 
cheese  factory.  One-fourth  of  the  milk  was  sold  for  wholesale  con- 
sumption, and  one-fifth  was  retailed  by  their  societies.  Condenseries 
and  chocolate  factories  took  7  per  cent.     (Table  21.) 

Table  21. — Milk:   Utilized  commercially  in  Switzerland, 


Utilization  of  milk 

Quantity 

(1,000 
gallons) 

Percent- 
age of 
total 

For  manufacture  of: 

Cheese,  full  and  half  cream 

108,631 
32,357 

71,300 
60,256 
20,993 

37  0 

11.0 

Whole  milk  for  city  consumption: 

Wholesale. 

24.3 

Retail                                                                     

20  5 

Used  in  condenseries,  chocolate  manufacturing,  etc - 

7.2 

Total... 

293,537 

100.0 

Based  on  replies  from  3,572  cooperative  associations  to  an  inquiry  made  by  the  secretariat  of  the  SwLss 
Farmers'  Union. 

Milk  used  for  manufacturing  purposes  in  1924  went  for  the  follow- 
ing purposes: 

Per  cent 

Cheese  and  butter  made  in  factories  (on  the  plains) 75 

Cheese  and  butter  (on  the  farms) 8 

Cheese  (in  the  mountain  ehdlets) 8 

Condenseries  and  chocolate  factories 9 

Butter  and  cheese  making  on  the  farm  has  been  decreasing  since 
1911  until  recently.     (Table  22.) 

Table  22.— Milk  used  in  the  manufacture  of  dairy  products,  1911  and  1920-1925 

{9,  13) 


Utilization  of  milk 

19111 

1920 

1921 

1922 

1923 

1924 

1925 

For  manufacture  of: 

Cheese  and  butter  »— 

On  the  plains ...         .  . 

1,000 
gallons 
175, 599 
28,198 
20,508 

30,762 

1,000 

gallons 

103, 821 

20.508 

19,226 

12,817 

1,000 
gallons 
129, 815 
20,508 
19,226 

19,226 

1,000 

gallons 

173,984 

19,226 

19,226 

16,663 

1,000 

gallons 

185, 391 

19,226 

20,508 

20,508 

1,000 

gallons 

193, 620 

19, 739 

20,508 

23,071 

1,000 
gallons 
197, 927 

In  the  homes 

21,790 

Cheese,  in  the  mountains. 

24,353 

Used  in  condenseries  and  chocolate 
factories... 

25,635 

Total 

255,067 

156, 372 

188,  775 

229,099 

245,633 

256,938 

269, 705 

1  Estimates  of  Swiss  Farmers'  Union. 

>  Practically  all  butter  is  made  from  the  whey  cream  of  the  cheese  factory. 


The  amounts  of  the  principal  products  manufactured  are  shown  in 
Table  23. 
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Table  23. — Dairy  products:  Manufactured  in  Switzerland,  1911  and  1920-1925 

{9,  13) 


Product 

19111 

1920 

1921 

1922 

1923 

1924 

1925 

Cheese  (all  kinds) 

1,000 
pounds 
144, 401 
31,  526 
99,  207 

1,000 
pounds 

84,  877 
209,437 

46,297 

1,000 
pounds 
102, 007 
26, 896 
66, 138 

1,000 
pounds 
122, 027 
28,660 
48,501 

1,000 
pounds 
125. 845 
28,660 
70,  547 

1,000 
pounds 
141,418 
26, 676 
73, 193 

1,000 
pounds 

144, 467 
27,558 
80,468 

Butter 

Condensed  milk . 

Total- 

275, 134 

340,  611 

195, 041 

199,188 

225, 052 

241, 287 

252,  493 

»  Estimate  of  Swiss  Farmers'  Union. 

When  compared  with  that  of  the  United  States,  the  per  capita 
consumption  of  milk  and  cheese  is  high,  whereas  that  of  butter  is  much 
lower.     The  figures  in  Table  24  give  the  comparison  for  the  year  1926  :^ 

Table  24. — Per  capita  consumption  of  milk,  cheese,  and  butter  in  Switzerland  and 

in  the  United  StfLtes,  1926 


Product 

Switzer- 
land, 
1926 

United 

States, 

1926 

Milk   

quarts 

290.6 
24.3 
11.9 

221.2 

Cheese 

pounds 

4  4 

Butter 

do 

17.8 

The  organized  dairy  industry  in  Switzerland  is  actively  engaged 
in  increasing  the  consumption  of  milk.  In  this  connection,  the 
consumption  of  alcoholic  beverages  must  be  considered  since  these 
beverages  are  in  direct  competition  with  whole  milk.  In  the  wine 
and  cider  sectioas  of  the  country  the  per  capita  consumption  of  milk 
is  lower  than  in  other  sections. 

Practically  all  retail  milk  is  sold  in  bulk.  Some  of  the  dairy  organ- 
izations would  like  to  improve  the  quality  of  the  milk  and  introduce 
the  bottle  as  a  retail  container.  This,  however,  does  not  seem  to  be 
feasible  at  the  present  time,  since  the  price  of  milk,  like  that  of  bread, 
is  a  matter  of  such  vital  public  concern  that  any  increase  in  price 
makes  it  a  public  question  subject  to  strong  opposition  and  in  some 
cases  to  legislation.  The  public  is  not  willing  to  assume  the  additional 
cost  of  higher-quality  milk  in  bottles.  It  should  be  added,  however, 
that  the  hygienic  qualities  of  milk  are  not  of  so  great  concern  in 
Switzerland  as  in  the  United  States.  In  Switzerland  practically  all 
milk  consumed  as  a  beverage  is  drunk  in  the  form  of  ''caf6  au  lait" 
or  in  some  other  boiled  state. 

The  organized  dairy  industry,  through  its  central  organization, 
introduced  the  commercial  manufacture  of  ice  cream  into  the  country 
for  the  first  time  in  September,  1925.  It  is  expected  that  this  branch 
of  the  industry  will  develop  a  considerable  demand  for  milk. 

PRICES 

During  1924  the  farmer  received  around  20  cents  per  gallon  for 
milk  delivered  to  the  local  collecting  station.  Milk  for  city  consump- 
tion brought  a  slightly  higher  price,  and  milk  for  cheese  factories  and 

7  Statistique  Laitiere  de  la  Suisse,  1927  (/4),  for  Swiss  figures  and  United  States  Department  of  Agricul- 
ture for  United  States  figures.  It  is  reasonable  to  assume  that  the  per  capita  consumption  of  dairy 
products  is  unduly  exaggerated  by  the  large  tourist  population. 
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condenseries  was  somewhat  lower  in  price.  (Table  25.)  The  effort 
of  the  farmers'  cooperative  organizations  is  to  equalize  the  price  of 
milk  used  for  different  purposes. 

Table  25. — Milk:  Average  farm  price  per  gallon  in  Switzerland,  November,  1921- 

April,  1926  {8,  14) 


Period 


Average: 

November,  1921-January,  1922 

February-March,  1922 

April,  1922 

May-July,  1922 

August-October,  1922 

November-December,  1922 

January-April,  1923 

May-October,  1923 

November,  1923-Apri],  1924 

May-July  1924 

August- October,  1924 

November,  1924-April,  1925.... 

May-October,  1925 

November,  1926-January,  1926. 
February-April,  1926 


City  con- 
sumption 


Cents 
27.4 
24.4 
19.8 
16.7 
17.1 
18.5 
19.1 
19.5 
20.2 
20.9 
21.4 
22.5 
22.1 
22.4 
20.9 


Used  in  manufac- 
ture of  — 


Cheese 


Cents 
26.6 
23.7 
19.0 
15.1 
15.5 
17.4 
18.1 
18.5 
19.7 
20.2 
20.8 
21.4 
20.8 
21.5 
19.9 


Con- 
densed 
milk 


Cents 
26.6 
23.6 
19.0 
14.4 
14.8 
17.3 
18.0 
18.6 
19.5 
18.6 
20.5 
21.6 
21.0 
21.5 
19.9 


'1  ^^^^^H^Bx  P^ksK '  *^b^^^^^^^H 


Figure  10.— Delivering  milk  in  bulk.     Most  of  the  milk  is  sold  in  bulk. 

The  retail  price  of  milk  delivered  to  the  residences  in  the  larger 
cities  averaged  for  1926  about  26  cents  per  gallon.  (Table  26.) 
In  1924  the  farmer  received  20  cents  per  gallon  at  the  local  shipping 
station;  the  distribution  costs  amounted  to  7  cents,  and  in  the 
larger  cities  the  consumer  paid  27  cents.  Hence  the  marketing  costs 
involved  in  taking  the  milk  from  the  local  shipping  point  to  the 
consumer's  door  amount  to  about  25  per  cent  of  the  retail  price. 
It  must  be  remembered,  however,  that  this  is  milk  sold  in  bulk  and 
not  in  bottles.     (Fig.  10.) 
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Table  26. — Milk:  Retail  price  per  gallon  in  the  larger  cities  of  Switzerland, 

1924-1926 


Year  and  month 


1924 

1925 

1926: 

January... 
February- 
March 

April 

May 

June 

July 

August 

September 
October... 
November 
December. 

Average. 


price  in 

33  of  the 

largest 

cities 


Cents 
26.2 
28.5 

28.5 
27.7 
27.7 
27.8 
27.1 
26.4 
26.4 
24.9 
24.9 
24.9 
24.1 
24.1 

26.2 


Basel 


Cents 
27.6 
29.3 

29.2 
28.4 
28.4 
28.5 
27.8 
27.8 
27.8 
26.3 
26.3 
26.3 
25.5 
25.6 

27.3 


Berne 


Cents 
27.6 
29.3 

29.2 
28.4 
28.4 
28.5 
27.8 
27.8 
27.8 
26.3 


25.5 
25.6 


27.3 


Geneva 


Cents 
27.6 
29.3 

29.2 
27.0 
27.0 
27.0 
27.1 
27.1 
24.2 
24.1 
24.1 
24.1 
24.1 
24.1 

25.8 


Lausanne 


Cents 
27.6 
29.3 

29.2 
28.4 
28.4 
28.5 
27.8 
27.8 
27.8 
26.3 
26.3 
26.3 
25.5 
25.6 

27.3 


Lucerne 


Cents 
26.2 

27.8 

27.8 
27.0 
27.0 
27.0 
26.4 
26.4 
26.4 
24.9 
24.9 
24.9 
23.4 
23.4 

25.8 


St.  Gall 


Cents 
26.2 

27.8 

27.8 
27.0 
27.0 
27.0 
24.9 
24.9 
24.9 
23.4 
23.4 
23.4 
22.6 
22.7 

24.9 


Zurich 


Cents 
27.9 
30.0 

30.0 
29.2 
29.1 
29.2 
28.6 
28.6 
28.6 
27.1 
27.1 
27.0 
25.5 
25.6 

28.0 


Annuaire  agricole  de  la  Suisse,  1927  iU,  p.  287). 
(Conversions  made  direct  from  source.) 


See  Table  53  for  average  yearly  value  of  the  franc. 


The  comparative  prices  of  milk  used  for  different  purposes  are 
shown  in  Table  27. 

Table  27, — Milk:  Average  price  per  gallon  in  Switzerland,  classified  by  utilization, 

1921-1925  {8,  9) 


Utilization 

1921 

1922 

1923 

1924 

1925 

Retail  price: 

In  cities 

Cents 
33.8 
32.5 
28.4 

25.6 
27.9 

23.5 
24.9 
24.9 

Cents 
27.6 
26.1 
20.8 

19.0 
20.3 

16.7 
17.7 
17.3 

Cents 
26.6 
25.2 
24.1 

19.8 
20.7 

17.8 
18.8 
18.8 

Cents 

T.l 
26.3 
25.6 

2L0 
22.4 

19.0 
20.4 
20.2 

Cents 
29.4 

In  rural  villages 

27  9 

To  cheese  factories. 

27.1 

Wholesale  price: 
Delivered— 

To  local  receiving  stations 

22.2 

To  cities 

23.9 

To  cheese  factories — 
Without  whey 

19.7 

With  whey .' 

21.2 

To  condensaries,  delivered  to  local  shipping  stations. .. 

21.2 

See  Table  53  for  average  yearly  value  of  the  franc. 


The  wholesale  prices  of  cheese  are  given  in  Table  28,  and  butter 
prices  are  contained  in  Table  29. 

Table  28. — Wholesale  price  of  cheese  in  Switzerland,  1927  (29,  p.  29) 


Kind 


Export  Emmenthal,  first  quality 

Emmenthal,  first  quality 

Do 

Qruyere,  first  quality 

Spalen,  first  quality,  and  small  mountain  Emmenthal. 

Three-fourths  fat  round  and  hard 

One-half  fat  round  and  hard 

Spalen  and  Gruyere,  first  quality  for  grating 


Average  weight 
per  single  cheese 


Pounds 

132  to  143 

110  to  121 

Less  than  121. 
At  least  44... 


Butterfat 
content 
in  dry 
matter 


Per  cent 
45 

45 
48 
48 
48 
35 
25 
48 


Basic  price 
per  pound  ' 


Cents 
2  19.  78 
19.  61-19.  96 
19.  43-19.  61 
19.  43-19.  61 
19.  43-19.  61 
15.  93-16.  28 
13.  57-13  92 
20.14 


>  This  is  the  range  of  prices  guaranteed  to  producers  by  the  Central  Union  of  Swiss  Producers  of  Milk 
for  cheese  manufactured  after  May  1,  1927.  At  the  time  these  prices  were  set  no  statement  was  made  as  to 
how  long  they  would  continue  in  force.    Basic  price  converted  at  the  rate  of  19.3  cents  i)er  frauc. 

» To  these  basic  prices  are  added  premiums  varying  from  0  to  10.5  cents  per  pound  according  to  quality. 
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For  marketing  cheese  of  second  quality,  the  basic  prices  according 
to  quahty  are  from  87.5  to  262.6  cents  per  100  pounds  less  than  those 
for  the  first  quahty. 

Table  29. — Butter:   Wholesale  and  retail  price  per  pound  in  Switzerland,   1926 

{19,  p.  672,  673) 


Month 


From  machine- 
separated 


Whole- 
sale 3 


Retail 


From  hand- 
separated 
cream  2 


Whole- 


Retail 


From  whey 


Whole- 


Retail 


January 

February. - 

March 

April 

May 

June 

July 

August 

September. 

October 

November. 
December.. 


CenU 
44.6 
44.7 
45.1 
45.1 
42.9 
41.8 
41.4 
41.7 
41.6 
41.9 
42.1 
42.1 


Cents 
48.4 
48.1 
48.6 
48.8 
46.7 
45.8 
45.3 
45.3 
45.2 
45.6 
45.5 
45.2 


CenU 
41.3 
40.6 
40.8 
40.9 
39.0 
38.6 
37.8 
37.5 
37.3 
37.1 
37.2 
37.4 


Cents 
45.7 
44.7 
44.9 
44.9 
43.3 


CenU 
36.2 

1 
5 
7 


36. 


35.6 
34.6 
33.5 
32.1 
31.2 
31.6 
32.1 
32.7 


CenU 
40.1 

39.7 
40.3 
40.4 
39.5 
38.7 
37.8 
36.3 
35.8 
35.1 
36.0 
36.7 


Average.. '. 42.9 


46.5 


43. 0        34. 1 


38.0 


>  Centrifugal  separator. 

'  Cream  from  milk  in  pans. 

*  Price  paid  producers  for  butter  delivered  to  wholesale  markets. 

DAIRY  IMPORTS   AND   EXPORTS 

In  1925  Switzerland  imported  $9,531,420  worth  of  dairy  products 
and  exported  over  three  times  as  much  measured  in  value,  $34,289,391. 
(Tables  30  and  31.)  Nearly  85  per  cent  of  the  total  dairy  imports 
consist  of  butter.  Nearly  one-half  the  value  of  dairy  exports  consists 
of  hard  cheese  (Emmenthal),  and  condensed  milk  and  chocolate 
account  for  another  40  per  cent. 


Table  30. — Dairy  products:  Imports  into  .Switzerland,  1921-1926  (8,  14,  18) 

QUANTITY 


Product 

1921 

1922 

1923 

1924 

1925 

1926  1 

Milk: 

Fresh 

1,000  lbs. 

27,393 

1,432 

12 

15,964 
30 

780 
1,114 

1,000  lbs. 

18,814 

5 

5 

15,086 
2 

1,400 
391 

1,000  lbs. 
21,496 

177 
3 

14,682 
2 

1,845 

1,000  lbs. 

17,  775 

120 

3 

19,980 
13 

2,397 
1,765 

1,000  lbs. 

26,280 

68 

2 

19,089 
3 

2,511 
1,254 

1,000  lbs. 
28,417 
71 

Condensed.  . 

Cream 

5 

Butter: 

Fresh 

17, 814 
4 

Processed 

Cheese: 

Soft. 

2,384 
1,072 

Hard—. 

Total 

46,  275 

35,703 

38,903 

42,053 

49,207 

49,  767 

Preliminary. 
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Table  30. — Dairy  products:  Imports  into  Switzerland,  1921-1926  (8, 14,  IS) — Con. 

VALUE 


Product 

1921 

1922 

1923 

1924 

1925 

19261 

Milk: 

Fresh-.  

Dollars 
1, 002, 101 
432, 673 
3,729 

7, 161,  236 
11,972 

237,120 
375,672 

Dollars 
558,444 
973 
1,480 

6, 099,  645 

824 

384,543 
137,  312 

Dollars 

554,  262 

25,645 

903 

5,  683,  482 
722 

457,  640 
221,235 

Dollars 
455,206 
15,  854 
911 

7,  941,  678 
4,920 

548,  871 
443,  725 

Dollars 
722, 389 
7,959 

581 

7, 899,  474 
1,432 

568,690 
330,  895 

Dollars 
621,961 

8,185 

Cream 

1,331 

Butter: 

Fresh 

6,  602, 810 

Processed 

1,484 

Cheese: 
Soft 

530,  591 

Hard 

278,  432 

Total 

9,  224,  503 

7, 183,  221 

6,  943, 889 

9,411,165 

9, 531,  420 

8,  044,  794 

See  Table  53  for  average  yearly  value  of  the  franc. 
1  Preliminary. 

Table  31.— Dairy  products:  Exports  from  Switzerland,  1921-1926  {8,  14,  18) 

QUANTITY 


Product 


Milk: 

Fresh 

Condensed - 
Powdered-. 

Cream 

Butter: 

Fresh 

Processed.. 

Cheese: 

Soft 

Hard 

Other 

Chocolate 

Total 


1921 


1,000  lbs. 

7,857 

46,  825 

5,457 

70 

10 
(0 

7 

10,091 

498 

24,859 


95,  674 


1922 


1,000  lbs. 

14,907 

45,  474 

6,411 

24 


(0 


44,981 

352 

13,  557 


126,  533 


1923 


1,000  lbs. 

18,  591 

55,  828 

6,472 


(0 


20 


37,  805 

574 

14,  207 


134, 191 


1924 


1,000  lbs. 

76,  972 

58,  225 

6,286 

165 

252 


978 
41,  982 

816 
17,502 


203, 178 


1925 


1,000  lbs. 

37,  420 

67,  555 

5,928 

141 

177 
(0 

1,164 

49,  885 

678 

19,  521 


182, 469 


1926 


1,000  lbs. 

35, 393 

73, 940 

5,584 

156 

131 


645 
60,776 

551 
16, 987 


194, 163 


VALUE 


Milk: 
Fresh 

Dollars 

227, 628 

7, 981, 476 

1, 173,  743 

27,  733 

5,378 
142 

3,210 

4, 876, 049 

145,  712 

9,  757,  249 

Dollars 

•  201, 922 

5, 490,  708 

835, 818 

7,351 

3,386 
110 

35,839 
13,087,614 

67,  762 
2  4, 869,  675 

Dollars 

245,  255 

5,  765,  294 

789,  583 

7,766 

9,211 
108 

45,330 

12, 059,  204 

75, 130 

4,  606,  925 

Dollars 

2,  327,  234 

6,  514,  469 

676,  613 

51,  570 

112,070 

Dollars 

1,219,974 

7,  892,  029 

667,  438 

37,  269 

83,639 
60 

140,  364 

17,  505,  431 

126, 180 

6,  617, 007 

Dollars 
1, 014,  187 

Condensed.  

7, 901,  862 

Powdered-.      .  . 

627,  927 

Cream 

39,635 

Butter: 
Fresh 

57,508 

Processed 

17 

Cheese: 
Soft 

139,  399 

14,  784,  508 

143,  778 

5, 993,  843 

69,832 

Hard 

17, 426,  967 

Other. 

91,754 

Chocolate 

5, 804,  225 

Total  . 

24, 198, 320 

24,  600, 185 

23,603,806 

30,  743, 484 

34,  289,  391 

33,033,914 

See  Table  53  for  average  yearly  value  of  the  franc. 

1  Less  than  500  pounds. 
3  Estimated. 


Switzerland  finds  it  more  advantageous  to  make  cheese  for  exporta- 
tion and  to  buy  butter  from  abroad.  During  the  war  it  was  necessary 
to  form  a  Government  agency  in  order  to  secure  enough  butter  to 
supply  the  minimum  demands.  (See  discussion  on  Swiss  Central 
Butter  Society,  p.  44). 
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The  frontier  city  of  Geneva  imports  about  one-fourth  of  its  supply. 

The  dairy  industry  in  Switzerland  is  still  handicapped  by  an  in- 
equality of  the  price  level  of  milk  as  compared  with  the  price  levels 
of  the  products  which  the  dairyman  has  to  buy.  In  other  words,  a 
gallon  of  milk  in  May,  1925,  would  not  buy  as  much  of  most  com- 
modities as  it  would  before  the  World  War.  This  comparison  is 
shown  in  Table  32.  The  farmer's  demand  in  Switzerland,  as  in  the 
United  States,  is  that  the  purchasing  power  of  farm  products  be 
placed  on  a  level  with  the  purchasing  power  of  other  classes  of  serv- 
ices and  commodities  in  common  use. 

Table  32. — Decrease  in  purchasing  power  of  milk  in  Switzerland^  pre-war  compared 

with  May,  1925  {26) 


Item 


Amount  of  milk  farmer  must  sell 
to  pay  for  specified  items 


Pre-war 

May,  1926 

Increase 

Poundi 

Pounds 

Pounds 

2.5 

3.0 

0.5 

11.6 

13.5 

1.9 

143.3 

244.7 

101.4 

76.6 

88.7 

12.1 

108.0 

111.0 

3.0 

34.0 

30.0 

1—4.0 

2,651.0 

4,654.0 

2, 103.  0 

150.0 

179.0 

29.0 

126.0 

148.0 

22.0 

60.0 

62.0 

2.0 

77.0 

106.0 

29.0 

7.1 

14.8 

7.7 

7.7 

15.4 

7.7 

11,916.0 

13,880.0 

1,964.0 

26, 526. 0 

24,783.0 

1  —1, 742. 0 

1  pound  sugar.. 

1  pound  coffee... 

1  pair  shoes- 

1  yard  mixed  wool  textile 

100  pounds  peanut  oil  cakes 

100  pounds  basic  slag 

1  reaper 

Weekly  wage  of  a  cow  herd 

Weekly  wage  of  a  farm  servant 

1  visit  of  the  veterinary i 

Shoeing  a  horse 

1  hour  work  of  a  mason 

1  hour  work  of  a  locksmith 

Construction  of  a  barn  with  hay-loft  * 

1  acre  land,  including  buildings  » 


>  Decrease. 

»  On  the  basis  of  one  head  of  cattle. 

*  Buildings  of  average  size  for  peasant  property. 

AGRICULTURAL   COOPERATION 

An  outstanding  characteristic  of  Swiss  agriculture  is  the  extent  and 
diversity  of  its  cooperative  enterprises.  Data  pertaining  to  these 
activities  are  especially  complete  because  of  the  research  studies  con- 
ducted by  the  Swiss  Peasants'  Union  ^  in  1910,  and  repeated  in  1920. 
The  reports  of  these  studies  {22,  25)  contain  analyses  of  the  number, 
membership,  and  growth  of  agricultural  cooperative  societies  and 
associations  in  Switzerland. 

Table  33  gives  the  number  and  membership  of  local  organizations 
in  Switzerland  in  1910  and  1920. 


«  Although  the  Swiss  Peasants'  Union  is  an  association  of  farmers,  it  is  subsidized  by  the  Government  to 
collect  and  compile  agricultural  statistics.    From  this  standpoint  it  is  a  semioflBcial  body. 
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Table  33. — Number  and  memhership  of  local  agricultural  organizations  in 
Switzerland,  1910  and  1920  {25) 


Class 


General-purpose  societies  and  as- 
sociations  >-..- 

Societies  of  ornithology,  poultry, 

and  rabbit  breeding 

Beekeepers 

Cooperative  syndicates  (for  com- 
mercial transactions) 

Dairies  and  cheese  factories 

Associations  of  the  dairy  indus- 
try  

Cattle  breeding 

Horse  breeding 

Goat  breeding 

Sheep  breeding 

Swine  breeding 

Pomological  and  the  utilization  of 

fruits 

Grape   growing  and   wine   mak- 
ing  

Distilleries 

Advancement    of   cultural    prac- 
tices  

Horticulture  and  nurseries 

Alpine  pasturage 

Forestry 

Land  reclamation 

Utilization    of    agricultural    ma- 
chinery  

Threshing 

Mills.— 

Bakeries 

Slaughterhouses 

Mutual-credit  societies 

Livestock  loans 

Cattle  insurance 

Goat  insurance 

Horse  insurance 

Hog  insurance 

Political    and  economic    associa- 
tions..  


Total 6,231     10,942       4,711 


Associations 


1910        1920 


Number 
494 


557 
2,785 

17 
913 

44 
220 

38 

48 


15 
227 
"73 


133 

39 

3 


139 
5 


Number 
519 


257 
143 


772 
3,519 


,217 
56 
358 

52 
82 

117 

49 
52 

16 
33 
344 

83 
191 

19 

270 

41 

16 

2 

266 

18 

,919 

127 

45 

10 

349 


Increase 


Number 
25 

99 
22 

215 
734 

1  -17 

304 

12 

138 

14 

34 

49 

1  -1 
1  -1 

1 
33 

117 
83 

118 

19 

137 

2 

13 

2 

127 

13 

1.919 

127 

14 

10 

349 


Per  cent 
5 


Members 


1910  1920 


Number 
60,084 

8,153 
7,330 

48,  469 
77,227 

1.419 
28,434 
3,821 
8,265 
613 
1,217 

3,648 


7 

2,744 
974 

1,874 

52 

7,471 

162 

3,628 

103 

6 

433 

3.946 
6,059 

388 

91 
260 

10,024 
457 

45 

7,474 

76     293, 719     657, 082 


Number 
81,059 


18, 689 
15, 493 


80, 192 
102,  677 


40. 628 
7,575 

11,  374 
1,464 
2,625 

10,  276 

3,557 
1,278 

731 
2,784 

15,  546 
4,910 

11, 060 


9,814 

7,119 

1,  988 

152 

20,  758 

749 

128.  785 

4,352 

17, 133 

654 

53, 051 


Number 
20,975 

10.  536 
8,163 

31,  723 
25,450 

-1,419 

12, 194 

3,754 

3,109 

851 

1,408 

6,628 

813 
304 


363,363 


Per  cent 
35 


129 
111 


43 

98 
38 
139 
116 

182 

30 
31 


2,784 

8,075 

i08 

4,910 

7,432 

205 

609 

5,868 

149 

1,060 

17 

1,600 

412 

152 

10,  734 

107 

292 

64 

128,  785 

4,352 

9,659 

129 

654 

63,051 

124 


A  generous  quantity  of  additional  information  is  made  available 
by  the  fact  that  local  associations  tend  to  federate  into  cantonal 
associations,  and  the  cantonal  associations  in  turn  to  federate  into 
national  organizations.  Many  of  these  larger  bodies  publish  annual 
reports  covering  their  business  and  membership  activities. 

The  classification  in  this  bulletin  follows  that  contained  in  the 
1920  report  of  the  Swiss  Peasants'  Union.  In  this  connection  it 
should  be  explained  that  the  classification  is  necessarily  an  arbitrary 
one.  It  is  not  easy  at  all  times  to  distinguish  between  the  accom- 
plishment of  certain  cooperatives,  although  they  have  been  founded 
to  further  different  ends.  For  instance,  a  general-purpose  society 
established  to  advance  farming  interests  in  general,  but  which  also 
buys  suppHes  for  its  members,  may  have  much  in  common  with  an 
association  established  for  the  special  purpose  of  purchasing  supplies. 

All  the  organizations  contained  in  the  classification  are  predomi- 
nantly agricultural  in  their  interests  and  are  controlled  according  to 
accepted  principles  of  cooperation. 

In  Switzerland  one  distinguishes  between  the  word  '' association '* 
and  the  word  "society,"     In  general  the  word  "association"  refers 
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to  groups  designed  to  advance  cultural  methods,  political,  social, 
and  educational  well-being,  or  professional  interests,  whereas  the 
"society"  is  primarily  concerned  with  the  conduct  of  commercial 
transactions  for  its  members.  (The  latter  term  is  similar  to  the 
word  "company"  in  the  United  States.)  Much  of  this  distinction 
loses  its  importance,  however,  for  many  of  the  general-welfare 
"associations"  conduct  commercial  transactions  in  a  "society" 
manner.     In  this  bulletin  the  terms  are  used  synonymously. 

LEGISLATION 

It  is  well  to  note  here  two  or  three  of  the  outstanding  provisions 
of  the  Swiss  legislation  controlling  cooperative  organizations. 

Before  1881  cooperatives  were  governed  by  the  legislation  of  the 
several  Cantons.  This  condition  explains  in  part  the  rapid  develop- 
ment in  some  Cantons,  and  the  lack  of  development  in  others. 

The  Federal  code  oif  obligations,  drawn  up  in  1881  (20),  gave  a 
national  uniform  status  to  cooperative  enterprises.  By  the  terms  of 
article  684  of  this  code  the  right  of  withdrawal  of  members  from  the 
society  must  not  be  restricted.  Since  the  withdrawal  of  any  con- 
siderable numbers  of  its  members  at  one  time  may  imperil  the  existence 
of  an  association,  it  has  been  found  to  be  advisable  to  lay  down  in  the 
by-laws  certain  conditions  for  withdrawals  without  prejudicing  the 
right  conveyed  by  law.  It  is  believed  by  leaders  of  cooperation  in 
Switzerland  that  the  law  should  be  modified  in  order  to  safeguard 
more  thoroughly  than  is  now  possible  the  interests  of  the  association 
with  respect  to   the  withdrawal  of  members. 

Article  689  of  the  code  specifies : 

Whenever  a  provision  excluding  personal  liability  on  the  part  of  the  members  is 
not  actually  contained  in  the  rules,  or  is  not  clearly  expressed  in  terms,  it  is 
understood  that  they  are  jointly  and  severally  liable  with  their  own  capital. 

Hence  both  types — limited  and  unlimited  liabiHty  of  members — 
are  found  among  the  Swiss  cooperatives.  For  the  most  part  the  locals 
have  adopted  the  unlimited  liabihty  principle,  while  the  federations 
adopt  a  limited  liability  form  of  organizations. 

GENERAL-PURPOSE   ASSOCIATIONS 

LOCAL    WELFARE    SOCIETIES 

In  1910  this  general  group  contained  494  local  organizations  with 
60,000  members.  This  number  had  grown  to  519  associations  in  1920 
with  81,000  members.  The  majority  of  these  associations  carried  on 
commercial  activities  in  connection  with  their  general  welfare  work; 
355  purchased  farm  requisities,  101  sold  farm  products,  17  carried  on 
operations  in  common  among  their  members,  and  90  per  cent  were 
affiliated  with  federations. 

ORNITHOLOGICAL,   POULTRY-BREEDING,   AND  RABBIT-BREEDING  SOCIETIES 

The  group  of  ornithological,  poultry-breeding,  and  rabbit-breeding 
societies  contained  257  locals  with  18,689  members  in  1920;  79  pur- 
chased feeds  for  their  members  and  229  were  affihated  with  central 
organizations. 


32         TECHNICAL  BULLETIN    101,  tJ.  S.  DEPT.  OF  AGRICULTURE 

BEE    ASSOCIATIONS 

Local  bee  associations  in  1920  numbered  143  with  15,493  mem- 
bers; 65  of  these  purchased  sugar  cooperatively  and  130  were  federated. 

Most  of  the  local  associations  federate  into  cantonal  associations, 
of  which  they  form  sections.  In  1920  there  were  79  such  cantonal 
associations.  These  cantonal  associations  in  their  turn  form  inter- 
cantonal  and  national  associations.  The  following  general-purpose 
associations  are  of  national  importance:  The  Swiss  Agricultural 
Society,  the  Federation  of  Agricultural  Associations  of  French 
Switzerland,  the  Tessin  Cantonal  Agricultural  Society,  the  Swiss 
Society  of  Alpine  Husbandry,  and  the  Swiss  Horticultural  Society. 

In  1920  the  Swiss  Agricultural  Society  had  81,059  members  and  31 
sections. 

FORMER    STUDENTS    OF    AGRICULTURAL    COLLEGES 

Considerable  importance  for  agricultural  progress  is  attached  to  the 
societies  formed  by  the  former  students  of  the  agricultural  schools. 
In  1920  these  societies  had  an  enrollment  of  7,815  members,  all  former 
students  at  agricultural  colleges.  In  1921  these  local  societies  formed 
a  federation.  The  purpose  is  to  keep  the  members  in  touch  with  one 
another,  with  a  view  to  promoting  agricultural  progress  and  to  assist- 
ing them  in  their  professional  careers. 

The  number  and  membership  of  the  above  general-purpose  groups 
of  associations,  together  with  their  growth  during  the  10-year  period 
from  1910  to  1920,  are  given  in  detail  in  Table  34. 


Table  34. 


-Number  and  membership  of  agricultural  associations  in  Switzerland, 
1910  and  1920^  {25) 


Local: 

General  agricultural 

Ornithology,  poultry,  and  rabbit  breeding 

Beekeepers 

Cantonal: 

Federations  for  the  amelioration  of  agriculture 

Societies  for  the  amelioration  of  agriculture  with  membership  of 

individuals 

Societies  of  ornithology,  poultry,  and  rabbit  breeding 

Societies  of  beekeepers 

Societies  of  ex-students  of  agricultural  colleges 

National: 

Federations  with  member  associations  of  agriculture 

Societies  with  membership  of  individuals 

Societies  for  ornithology,  poultry,  and  rabbit  breeding 

Societies  of  beekeepers 

Total... .— - 


Associations 


1910         1920 


158 
121 


22 


519 
257 
143 


856       1,055 


Members 


1910         1920 


60,084 
8.153 
7.330 

90,969 

3,987 
2,741 
4,221 
4,169 

69,  517 

439 

6,610 

8,656 


266,876 


81, 059 
18,689 
15,  493 

167,  270 

2,692 
12,  563 
11,900 

7,815 

122, 070 

630 

24,715 

19.586 


484,482 


1  General  purpose,  agriculture. 


COMMERCIAL    AGRICULTURAL-COOPERATIVE    ORGANIZATIONS    (SYNDICATE    AGRI- 
COLES) 

In  the  previous  group  commercial  activities  (buying,  selling,  manu- 
facturing) were,  for  the  most  part,  side  lines,  but  the  organizations 
listed  in  the  group  of  commercial  agricultural  cooperatives  were 
founded  for  the  special  purpose  of  conducting  commercial  transactions 
for  their  members. 
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LOCAL    PURCHASING    SOCIETIES 


In  the  class  of  local  purchasing  societies  there  were  772  societies 
in  1920,  with  a  membership  of  80,912.  Practically  all  of  these  are 
engaged  in  buying  farm  suppHes  cooperatively,  but  327  also  sold 
farm  products  for  their  members.  These  sales  consisted  largely  of 
fruit,  cider,  potatoes,  and  hay. 

Only  49  were  engaged  in  processing  and  manufacturing  enterprises. 

Of  these  locals,  703  formed  13  federations.  Their  membership 
status  is  given  in  Table  35. 

Table  35. — Number  and  membership  of  agricultural  associations,  1910  and  1920 


Class 

Associations 

Members* 

1910 

1920 

1910 

1920 

Local  agricuJturaL.. 

557 
10 

772 
13 

48,469 
57,259 

80,192 
238,849 

Federated 

BULL    CLUBS 


Bull  clubs  constitute  an  important  branch  of  the  cooperative 
movement.  Strictly  speaking,  the  principal  economic  activity  of 
these  associations  is  the  cooperative  maintenance  of  breeding  stock, 
but  many  of  them  buy  and  sell  for  their  members.  A  number  own 
buildings,  and  the  joint  control  of  pastures  and  grazing  lands  is  com- 
mon among  them. 

The  local  associations  to  the  number  of  1,186  have  formed  61 
federations;  857  locals  are  affiUated  with  other  bodies. 

The  figures  contained  in  Table  36  show  the  number  of  organiza- 
tions in  this  group  and  their  membership  status. 

Table  36. — Number  and  membership  of  cooperative  livestock-breeding  associations 
in  Switzerland,  1910  and  1920  {22,  25) 


Class 

Associations 

Members 

1910 

1920 

1910 

1920 

Local: 

Cattle  breeding 

913 
44 

220 
38 

48 

1,217 

56 

358 

52 

82 

28,434 

3,821 

8,265 

613 

1,217 

40.628 
7,575 

11, 374 
1,464 
2,625 

Horse  breeding.   .. 

Goat  breeding 

Sheep  breeding. 

Pig  breeding... 

Total 

1,263 

1,765 

42,350 

63,666 

Cantonal,  intercantonal,  and  national  federations  and  associations: 
Cattle  breeding 

11 
9 
10 

19 
18 
11 
3 
9 

23,395 
3,284 
9,875 

36,351 
3,946 

Horse  breeding ...                          ... 

Goat  breeding 

18,541 
91 

Breeding  of  sheep  species ..  

Breeding  of  swine  species .               

1,132 

82 

Silkworm  breeding 

Total. --    

30 

61 

36,664 

60,143 

44713°— 29 3 
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FRUIT-CULTURE  ASSOCIATIONS 

In  1910  there  were  68  local  organizations  dealing  with  horticultural 
matters.  For  the  most  part  these  groups  confined  their  attention  to 
the  improvement  of  cultural  methods,  but,  of  the  117  associations  in 
1920,  19  purchased  supplies.  Sales  were  conducted  by  56,  and  38 
manufactured  cider  and  alcohol.  Buildings  were  owned  by  42,  and 
38  owned  storage  cellars  and  presses.  Of  these  local  organizations, 
79  belong  to  federations. 

The  number  and  membership  status  of  these  associations  are  given 
in  Table  37. 

Table  37. — Number  and  membership  of  fruit-culture  associations,  1910  and  1920 


Class 

Associations 

Members 

1910 

1920 

1910 

1920 

Local                              

68 
12 

117 
19 

3,648 
5,678 

10,  276 

7,682 

Cantonal,  intercan tonal,  and  national...  

In  addition  there  is  a  closely  allied  group  which  has  to  do  with 
horticulture  and  gardening,  most  of  which  are  of  recent  origin.  In 
1920  there  were  33  locals  with  2,784  members;  and  28  cantonal, 
intercantonal,  and  national  associations  with  9,197  members. 

One  of  the  important  activities  of  some  of  the  locals  in  this  group 
is  the  securing  of  vegetable-garden  plots  near  large  cities  for  their 
members. 

GRAPE-GROWING   AND   WINE-MAKING   ASSOCIATIONS 

The  membership  in  the  grape-growing  and  wine-making  group 
of  organizations  increased,  but  the  total  number  of  organizations 
was  actually  reduced  by  1  (49  organizations  instead  of  50)  during 
the  10-year  period.  This  is  one  of  the  few  branches  of  Swiss  agricul- 
tural cooperation  which  show  an  actual  decrease  in  the  number  of 
organizations  during  this  period.     (Table  38.) 

Aside  from  promoting  general  cultural  interests  of  the  grape  grow- 
ers, 15  carry  on  cooperative  purchases,  25  make  collective  sales,  and 
23  engage  in  wine  making  and  distilling.  Buildings  are  owned  by 
13,  and  11  have  cellars  and  presses.  Seventeen  of  the  forty-nine 
locals  belong  to  federations. 


Table  38. — Number  and  membership  of  grape  and  wine 

associations, 

1910  and  1920 

Class 

Associations 

Members 

1910 

1920 

1910 

1920 

Local 

50 

7 

49 

6 

2,744 
2,242 

3,  557 

2,826 

COOPERATIVE  DISTILLERIES 


For  the  most  part  these  distilleries  possess  concessions  granted 
under  the  Swiss  law  for  the  manufacture  of  alcohol.  Thirty-eight 
of  the  fifty-three  locals  fall  in  this  class.  (Table  39.)  The  others 
distill  materials  not  under  the  control  of  the  Federal  monopoly. 

Thirty-four  locals  belong  to  federations. 
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Table  39. — Number  and  member  ship  oj  cooperative  distillery  associations,  1910 

and  1920 


Class 

Associations 

Members 

1910 

1920 

1910 

1920 

Local - 

53 

62 

974 

1,278 

820 

COOPERATIVE   ORGANIZATIONS   FOR   SELECTION   OF  SEEDS   AND   PROMOTION   OF 
CULTURAL   METHODS  FOR   SPECIFIC   CROPS 

It  is  difficult  to  classify  some  of  the  organizations.  The  selection 
and  production  of  seeds  is  their  important  function,  and  a  number  of 
them  deal  with  the  promotion  of  cultural  methods  of  specialized 
crops  such  as  tobacco,  cabbages,  sugar  beets,  and  vegetables.  Thirty- 
four  of  the  fifty-two  locals  were  affiliated  in  1920.  Later  in  1921  a 
central  organization  was  founded — Union  Suisse  des  Selectonneurs. 
The  entire  group  became  members  of  this  federation.  Their  number 
and  membership  are  shown  in  Table  40. 

Table  40. — Number  and  membership  of  seed  associations,  1910  and  1920 


Class 

Associations 

Members 

1910 

1920 

1910 

1920 

I^ocals                                                                                          ... 

15 

16 
12 

1,874 

731 

1,178 

ASSOaATIONS  FOR   OWNERSHIP   AND   OPERATION   OF   ALPINE   PASTURES 

The  Swiss  Farmers'  Union  does  not  consider  its  inquiry  complete 
in  regard  to  associations  for  ownership  and  operation  of  Alpine  pastures. 
Although  344  local  associations  reported  in  1920,  it  is  beheved  that 
many  more  exist.  Because  of  their  isolation  and  informal  character 
it  is  difficult  to  locate  and  reach  them  in  an  inquiry. 

Of  the  344  locals,  7  are  for  the  promotion  of  the  general  economy 
connected  with  Alpine  pastures,  better  usage.  These  7  organizations 
do  not  engage  in  commercial  operations.  The  remainder  carry  on 
the  following  economic  activities:  46  purchase  supplies  and  requisites 
for  their  members,  57  sell  dairy  products,  and  130  make  cheese  and 
butter.  The  principal  property  owned  or  controlled  consists  of 
3  warehouses,  76  cheese  factories,  32  cheese  cellars,  251  pastures, 
14  other  agricultural  properties,  and  119  forests.  Seventeen  of  the 
locals  are  federated.  Their  number  and  membership  are  classified 
in  Table  41. 

Table  41. — Number  and  membership  of  Alpine  pasture  associations,  1910  and  1920 


Class 

Associations 

Members 

1910 

1920 

1910 

1920 

Local: 

Noncommercial 

7 
337 

7 

429 

Commercial                                               

227 
6 

7,471 
3,696 

15, 117 

Cantonal,  intercantonal,  and  national                                               -  - 

12,  576 
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FORESTRY   COOPERATIVES 

Forestry  is  an  important  factor  in  the  agricultural  economy  of 
Switzerland.  Much  forest  land  is  owned  and  controlled  by  the 
communes.  It  is  not  always  easy  to  distinguish  between  those 
operated  by  the  communes  and  those  that  are  cooperatively  owned. 
In  1920  there  were  83  local  forestry  cooperatives.  Twenty-five  of 
these  were  founded  before  1850.  Twenty-nine  belong  to  federations. 
In  1921  a  central  organization  was  founded  with  offices  at  Soleure- 
L'Union  fores tiere  Suisse.  Since  this  group  was  not  included  in  the 
1910  inquiry  it  is  not  possible  to  show  its  growth  during  the  10-year 
period.     (Table    42.) 


Table  42.- 

— Number  and  membership  of  forestry  associations  in  1920 

Class 

Number 
of  associ- 
ations 

Number 
of  mem- 
bers 

Locals.-  _-.  .  

83 
3 

4  910 

Cantonals .  .  

255 

LAND-RECLAMATION   COOPERATIVES 

Land-reclamation  cooperative  enterprises  have  had  a  rapid  growth 
during  the  last  few  years.  Of  the  191  locals,  with  a  membership  of 
11,060  in  1920,  nearly  two-thirds  were  founded  after  1909 — an  80  per 
cent  increase  in  10  years.  Drainage  and  irrigation  are  the  most 
important  tasks  handled.  Seven  are  affiliated  with  other  organiza- 
tions. 

ORGANIZATIONS  FOR   THE  UTIUZATION  OF  AGRICULTURAL  MACHINERY 

Organizations  for  the  utilization  of  agricultural  machinery  are  of 
recent  origin.  Some  are  concerned  with  movements  founded  for 
furnishing  electricity  to  a  group  of  farmers;  others  deal  with  the  com- 
mon uses  among  members  of  agricultural  machinery.  In  1920, 
exclusive  of  threshing  associations,  there  were  19  societies  with  a  total 
membership  of  609  farmers.  Two  of  these  belonged  to  cooperative 
federations. 

THRESHING   ASSOCIATIONS 

Threshing  organizations  doubled  in  number  during  the  10-year 
period,  there  being  133  in  1910  with  3,946  members,  and  270  in  1920 
with  9,814  members.  This  increase  is  accounted  for  by  the  added 
emphasis  placed  on  the  growing  of  grain  after  1914.  Fifteen  of  these 
organizations  are  federated. 

FLOUR  AND  FEED  MILL   COOPERATIVES 

In  1920  there  were  40  flour-and-feed-mill  cooperatives.  In  addi- 
tion, some  of  the  cooperative  bakeries  operate  mills.  Thirty  of  these 
companies  perform  purchases  for  their  members,  14  conduct  sales  in 
addition  to  their  regular  milling  activities,  and  16  do  baking.  Most 
of  the  cooperative  mills  as  well  as  some  of  the  cooperative  bakeries 
are  affiliated  with  a  central  association,  L'Union  Suisse  des  Moulins 
Agricoles. 
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The  number  and  membership  of  the  local  cooperative  mills  were  39 
and  6,059,  respectively,  in  1910  and  41  and  7,119,  respectively,  in 
1920. 

AGRICULTURAL  COOPERATIVE  BAKERIES 

Of  the  16  agricultural  cooperative  bakeries  in  1920,  only  3  existed 
in  1910.  Ten  of  these  organizations  are  home  bakeries.  The  others 
make  collective  arrangements  with  private  bakers.  There  were  three 
locals  with  388  members  in  1910,  and  16  locals  with  1,988  members 
in  1920. 

ABATTOIR  ASSOaATIONS 

Two  abattoir  associations,  with  a  total  of  152  members,  reported  in 
1920. 

AGRICULTURAL  CREDIT  AND  INSURANCE  COOPERATIVES 

AGRICULTURAL-CREDIT    COOPERATIVES 

The  number  of  agricultural  credit  cooperatives  has  nearly  doubled 
within  the  last  10  years.  (Table  43.)  In  most  countries  cooperative- 
credit  organizations  were  among  the  first  to  gain  a  footing,  and  have 
long  since  passed  the  stage  of  rapid  development,  but  in  Switzerland, 
since  there  are  whole  Cantons  which  do  not  have  one  of  these  organi- 
zations, there  is  room  for  growth  in  this  direction. 

The  ReifFeisen  system  is  the  common  type  followed.  Practically 
all  the  locals  are  affiliated  with  the  Swiss  Union  of  Mutual  Credit 
Banks.  Cooperative  purchases  are  made  by  23  of  these  companies, 
and  6  conduct  sales  activities  for  their  members. 

Table  43. — Number  and  membership  of  cooperative  credit  banks,  1910  and  1920 


Class 

Associations 

Members 

1910 

1920 

1910 

1920 

Local 

139 

1 

266 

* 

10,024 
8,155 

20,758 

Cantonal,  intercantonal,  and  national 

28,140 

LIVESTOCK-CREDIT    ASSOCIATIONS 

Two  Cantons — Zurich  and  Thurgovie — possess  18  cooperative 
livestock  credit  associations,  with  a  membership  of  749  members. 

COOPERATIVE    LIVESTOCK-INSURANCE    ASSOCIATIONS 

Livestock-insurance  cooperation  shows  a  greater  recent  develop- 
ment than  do  any  other  cooperative  groups  in  Switzerland,  largely 
because  of  cantonal  and  Federal  subsidies.  In  1910  there  were  41 
livestock-insurance  organizations,  and  in  1920  there  were  2,118. 
(Table  44.) 

The  following  figures  give  an  idea  of  their  activities  in  1919: 

Number 

Animals  insured 772,  174 

Casualties 20,  835 

Dollars 

Indemnities  paid 1,  024,  474 

Cantonal  subsidies 226,  341 

Federal  subsidies 139,  238 
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Practically  all  the  local  organizations  belong  to  a  federation;  2,101 
are  so  affiliated. 

Table  44. — Numher  and  membership  of  cooperative  livestock  insurance  associa- 
tions in  Switzerland,  1910  and  1920  {22,  25) 


Class 

Associations 

Members 

1910 

1920 

1910 

1920 

Local  associations: 

Cattle                                                                                      

1,919 

127 

45 

10 

128,  785 

Goats 

4,352 

Horses                                                                              --     

31 

7,474 

17, 133 

Swine                                                                                           -  - 

654 

Total                                                                                 -- 

31 

2,101 

7,474 

150, 924 

Federations,  cantonal,  intercantonal,  and  national: 

Cattle            ---    ---  -- -  - 

3 

1,935 

Goats                                                                         

8 

9 
2 

1 
2 

6,815 

9,534 

Pigs                                                                     

150 

Bees  (foul  brood)                                                                    -  - 

245 

2 

59, 102 

84, 916 

Total  "                                    -- 

10 

17 

65,917 

96, 780 

POLITICAL   AND   ECONOMIC   ASSOCIATIONS 

Switzerland  has  349  local  agricultural  associations  of  an  economic, 
political,  and  semipolitical  character.  (Table  45.)  All  strive  to 
promote  agricultural  welfare  by  exerting  an  influence  in  the  councils 
of  the  nation.  They  are  confined,  for  the  most  part,  to  three  Can- 
tons— Zurich,  Berne,  and  Argovie.     All  belong  to  federations. 

Table  45. — Number  and  membership  of  political  and  economic  associations,  1910 

and  1920 


Class 

Associations 

Members 

1910 

1920 

1910 

1920 

Local                                                                                 

349 
5 
1 

53, 051 

73,  787 

TTnion  fiiiissft  dp.s  Pavsans                                   - 

1 

144, 377 

331,  474 

The  importance  of  the  Swiss  Farmers'  Union — Un;on  Suisses  des 
Paysans — to  the  cooperative  movement  of  the  country  is  so  great  as  to 
make  it  advisable  to  treat  its  development  and  activities  in  a  separate 
section. 

COOPERATION  IN   THE  SWISS  DAIRY  INDUSTRY 

Switzerland  has  long  been  known  for  the  voluntary  cooperation 
among  its  dairy  farmers.  The  farmers  in  the  Alpine  regions  formed 
voluntary  organizations  as  early  as  the  fifteenth  century  for  the 
pasturing  of  their  herds  and  for  the  making  of  cheese.  Cooperation 
among  the  farmers  in  the  agricultural  valleys  began  at  a  later  date. 
The  first  cooperative  cheese  factory  established  by  valley  farmers  was 
founded  in  1815. 


AGRICULTURAL  SURVEY  OF  EUROPE:  SWITZERLAND 


39 


The  growth  of  the  cooperative  dairy  movement  during  the  last  75 
years  is  shown  by  the  following  tables,  which  give  the  approximate  date 
of  the  founding  of  the  existing  local  cooperative  dairy  companies  (1). 

Dairy  societies  founded :  Number 

Previous  to  1850 345 

1850-1869 546 

1870-1879 324 

1880-1889 483 

1890-1899 436 

1900-1909 654 

1910-1919 659 

1920 12 

Date  unknown 60 

Cooperative  dairy  societies  in  Switzerland  are  concerned  for  the 
most  part  in  the  sale  of  milk  and  the  manufacture  of  cheese.  There  are 
no  creameries  for  the  making  of  butter  exclusively,  since  butter  is  a 
secondary  consideration.  The  fact  that  cheese  and  whole  milk 
bring  higher  returns  is  the  simple  explanation  why  Switzerland,  a 
dairy  country,  imports  a  goodly  portion  of  its  butter  supply. 
There  are  no  cooperative  condenseries,  although  there  are  a  number  of 
cooperative  societies  which  sell  whole  milk  to  condenseries.  Cheese 
is  the  hub  of  the  Swiss  dairy  industry. 

COOPERATIVE    DAIRIES    AND    CHEESE    FACTORIES 

In  1920  there  were  3,519  local  dairy  associations  with  a  member- 
ship of  102,659,  as  compared  with  2,802  organizations  with  a  member- 
ship of  78,646  in  1910.  Of  this  number  376  purchase  cooperatively, 
2,163  sell,  and  943  manufactured  cheese  and  butter. 

Of  the  local  associations,  3,108  were  federated  in  1920  with  the 
Swiss  Dairy  Industry  Society  founded  in  1887.  For  commercial 
purposes  practically  the  whole  industry,  from  the  producers'  end  and 
for  the  export  sale  of  cheese,  is  united  with  the  Central  Union  of 
Swiss  Milk  Producers. 

Table  46  gives  the  number  and  membership  of  these  associations  in 
1910    and    1920.     Table   47    gives    their   geographical   distribution. 

Table    46. — Number   and   membership   of  the   cooperative   dairy   associations   in 
Switzerland,  1910  and  1920  {22,  25) 


Class 

Societies 

Members 

1910 

1920 

1910 

1920 

2,802 
3 

3,519 

15 
11 
28 

78,646 
1,368 

102, 659 

Societies  and  federations  of  Switzerland  (cantonals  and  intercantonals) 
for  the  dairying  industry: 
Professional                                                               _ . 

5,612 

Associations  of  milk  purchasers 

2  544 

14 

60,457 

196,  826 

Total .           

2,819 

3,573 

140, 471 

307,  E41 
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Table  47. — Number  of  farms  and  distribution  of  cooperative  dairy  societies    in 

Switzerland,  1920  (1) 


Farms 

Societies 

Canton 

Total 

Mem- 
bers 

Number 
of  mem- 
bers per 
100  farms 

Zurich 

22,251 
44, 422 
10,758 
1,781 
4,353 
2,922 
1,900 
1,363 
12, 156 
8,372 
5,899 
4,297 
6,113 
17, 431 
13,  215 
20,815 
11,426 

16,  372 
20,779 

17,  899 
3,711 
2,561 

422 

687 

295 

6 

52 

11 

20 

27 

293 

115 

81 

16 

15 

223 

123 

197 

187 

38 

495 

94 

60 

62 

9,773 

19,  255 

6,744 

151 

9% 

273 

632 

811 

8,285 

3,517 

2,831 

469 

936 

5,774 

3,846 

6,687 

6,263 

1,161 

16, 136 

4,632 

1,  541 

1,946 

43  9 

Berne..     ..      .  .  . 

43  3 

Lucerne.. 

62  7 

Uri 

8  5 

Schwyz...  ... 

Unterwalden    . 

9  3 

Glarus 

33  3 

Zug. 

59  5 

Fribourg. 

68  2 

Solothurn 

42  0 

Basel 

48  0 

Schaffausen.. .  

10  9 

Appenzell... 

18  3 

St.  Gall 

33  1 

Orisons.-     ..      .  ...  ._  .     .  . 

29  1 

Aargau. ..... 

32  1 

Thurgau.. 

54  8 

Ticino. 

7  1 

Vaud 

77  7 

Valais 

25  9 

Neuchatel ..... ... 

41  5 

Geneva 

76  0 

Total 

249,  796 

3,519 

102,  659 

41  1 

TYPES    OF    ORGANIZATIONS 


Local  Swiss  cooperative  dairy  orgAiizations  classified  by  type  may 
be  divided  into  three  groups: 

(1)  The  simplest  form  is  for  negotiating  the  sale  and  delivery  of 
whole  milk  to  a  purchaser  on  contract.  Often  these  organizations 
have  no  capital  and  no  rules  and  regulations  other  than  verbal  agree- 
ments. A  committee  elected  by  the  members  contracts  for  the  sale 
of  the  members'  milk  for  a  certain  period — usually  six  months  or  a 
year,  at  an  agreed  price.  The  principal  reason  for  collective  action 
is  that  of  securing  the  most  advantageous  contract  price. 

The  usual  procedure  is  to  provide  quarters  for  the  collecting  and 
measuring  of  the  milk,  which  work,  together  with  the  delivery  of  the 
milk  to  the  buyer,  is  performed  by  one  of  the  members.  A  small 
assessment  is  made  on  each  kilogram  of  milk  handled  to  meet  the 
running  expenses.  The  payments  to  members  are  handled  by  the 
treasurer  of  the  society. 

In  some  cases  the  volume  of  business  may  become  such  as  to  war-, 
rant  the  building  or  buying  of  quarters  and  to  hire  a  full-time  em- 
ployee.    In  such  case  the  society  may  charge  an  entrance  fee  and 
issue  capital  stock. 

(2)  The  second  type  relates  largely  to  cheese  factories  owned  by 
cooperatives  but  rented  to  the  cheese  maker  who  purchases  the  milk 
at  a  contract  price.  These  organizations  are  operated  much  like 
those  described  above,  with  the  exception  that  they  own  property, 
charge  entrance  fees,  and  issue  shares.  This  is  a  common  form  of 
organization  for  the  manufacture  of  cheese.  The  profit  realized  from 
the  manufacture  of  the  cheese  goes  to  the  maker.  The  basis  of  this 
is  the  belief  that  the  possibility  of  receiving  a  profit  rather  than  a 
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fixed  wage  on  the  part  of  the  maker  results  in  the  making  of  a  higher 
grade  of  cheese,  which  gives  the  industry  an  advantage  on  the  export 
markets.  In  many  instances  the  dairy  producers  do  not  wish  to 
assume  the  risk  of  manufacture. 

(3)  The  third  type  of  cooperatives  are  those  which  assume  full 
responsibility  in  the  manufacture  of  the  products. 

FEDERATIONS 

As  cooperative  societies  grew  in  number,  the  competition  from 
private  dairy  manufacturers  and  dealers  increased  in  sharpness. 
Hence  it  became  evident  that  the  isolated  cooperative  was  in  some- 
what the  same  position  as  the  isolated  farmer  before  the  advent  of 
cooperation — helpless  in  defending  his  own  interests. 

The  logical  outcome  of  this  realization  was  federation.  A  few 
societies  around  Geneva  and  Lausanne  took  the  lead  in  the  eighties. 
They  grouped  themselves  into  small  federations  for  the  purpose  of 
selling  the  milk  of  members  in  these  two  cities. 

The  Federation  of  the  Cooperative  Dairies  and  Cheese  Factories 
of  the  Northwest  of  Switzerland  followed.  It  was  founded  in  1904. 
This  federation  was  composed  of  the  cooperative  dairy  organizations 
within  the  milk  supply  area  of  the  city  of  Basel.  Federations  of  the 
cooperatives  supplying  the  cities  of  Zurich  and  Winterthour  were  the 
next  in  line.  The  success  of  the  federations  was  so  pronoimced  that 
their  number  grew  and  extended  to  every  branch  of  the  industry. 

The  organization  and  range  of  activities  of  these  federations 
depend  upon  the  stage  of  their  development.  Each  local  association 
is  represented  in  the  federation  by  delegates.  The  number  of  dele- 
gates depends  upon  the  number  of  members  of  the  local  association. 
The  meetings  of  delegates  fix  the  minimum  price  of  milk  conforming 
to  the  basic  price  fixed  by  the  central  union.  Milk  that  can  not  be 
disposed  of  at  this  price  is  taken  over  by  the  federation.  Milk  thus 
bought  is  put  through  the  processes  of  manufacture  by  the  federa- 
tion. Some  of  these  federations  carry  on  a  large  business  in  the 
manufacture  and  sale  of  dairy  products  and  in  the  distribution  of 
whole  milk  for  city  consumption. 

Another  function  of  the  federation  is  that  of  regulating  the  milk 
supply,  which  means  the  running  of  cheese  factories  to  their  full 
capacity  during  the  summer  months,  and  diverting  milk  from  the 
cheese  districts  to  the  cities  during  the  winter  months. 

THE    CENTRAL    UNION    OF    SWISS    MILK    PRODUCERS    (UNION    CENTRALE 
DES    PRODUCTEURS    SUISSE    DE    LAIT) 

The  final  step  in  federating  the  dairy  industry  was  taken  in  1907 
with  the  organization  of  the  Central  Union  of  Swiss  Milk  Producers — 
a  federation  of  federations.  This  organization  is  essentially  economic 
in  its  activities.  It  plays  the  role  of  a  commercial  coordinator  among 
the  different  branches  of  the  industry.  It  unifies  the  sales  activities 
of  the  cooperative  milk  producers,  manufacturers  of  dairy  products, 
whole-milk  distributors,  and  the  cooperative  wholesale  organizations 
for  the  export  sale  of  cheese. 

One  of  its  noteworthy  functions  is  that  of  its  cooperative  rela- 
tionship with  the  cheese-makers'  organizations  and  the  organizations 
of  the  private  dealers  in  the  export  of  cheese. 
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The  union  began  its  existence  in  1907  with  9  member  federations 
controlHng  102,000  cows.  In  1924  it  had  24  member  federations 
representing  3,340  local  societies  with  102,127  members.  It  con- 
trolled the  product  of  534,852  cows.  Table  48  shows  the  number 
and  size  of  the  federations  adhering  to  the  union  in  1924. 


Table  48. — Organizations  belonging  to  the  Central  Union  of  Swii 

1924 


Milk  Producers, 


Organization 


Verband  bernischer  Kaserei-und  Milchgenossenschaften 

Verband  nordostschweizerischer  Kaserei-und  Milchgenossenschaften 

Verband  nordwestschweizerischer  Milch-und  KSsereigenossenschaften 

Verband  aargauischer  Kaserei-und  M  ilchgenossenschaf ten 

Verband  thurgauischer  Kftserei-und  Milchgenossenschaften 

Verband  zentralschweizer ,  Milch verwertungsgenossensehaf ten 

Verband  zugerischer,  aargauischer  und  luzernischer  Milchgenossenschaften 

Verband  St.  Gallischer  Kaserei-und  Milchgenosvsenschaften 

Milchproduzentenverband  St.  Gallen-Appenzell 

Milchproduzentenverband  Rheintal-Appenzell 

Milchproduzentenverband  Rorschach  und  Umbegung 

Milchproduzentenverband  Nidwalden 

Milchproduzentenverband  Obwalden 

Milchproduzentenverband  Appenzell  I.  Rh 

Federation  laitiere  Vaudoise-Fribourgeoise 

Federation  des  Laiteries  du  Jura 

Laiterie  Agricole  Lausanne 

Syndicat  des  Producteurs  de  Lait  de  Lausanne  et  Environs 

Laiteries  Reunies 

Federation  Laitiere  de  la  Region  du  Leman 

Federation  des  Societes  Fribourgeoises  de  Laiterie,  Zone  de  la  Montague.. ... 

Federation  laitiere  neuchateloise 

Federation  valaisanne  des  Producteurs  de  Lait  Walliser  Milchproduzentenverband. 
Associazione  ticinese  Produttori  di  latte 

Total - 


Members 


Number 

19, 759 

16, 414 

9,389 

6,542 

6,766 

7,581 

644 

2,940 

1,461 

2,367 

270 

342 

266 

55 

7,332 

2,905 

1,192 

302 

1,982 

1,768 

3,128 

1,711 

6,878 

1,133 


102,127 


Cows 


Number 

131, 262 

70, 172 

36, 622 

20,622 

38,262 

68,344 

6,545 

23,143 

10,806 

6,620 

1,796 

2,570 

2,003 

330 

32, 836 

12,988 

5,  476 

1,417 

10, 177 

5, 934 

17,306 

10, 452 

15,  801 

3,368 


534, 852 


Union  Centrale  des  Producteurs  Suisses  de  Lait. 

It  will  be  noted  from  Table  48  that  the  organizations  united  in  the 
central  union  control  the  product  of  about  535,000  cows.  The 
Swiss  Milk  Commission  estimated  the  number  of  cows  in  Switzerland 
in  1924  at  810,000.  Hence  the  owners  of  66  per  cent  of  the  total 
cow  population  of  the  country  were  enrolled  in  the  central  union. 
But  since  a  large  proportion  of  the  cows  in  the  mountainous  districts 
are  kept  for  breeding  rather  than  dairy  purposes,  the  percentage  of 
dairy  cows  controlled  by  the  union  is  considerably  greater  than 
indicated  by  the  above  figure.  The  union  estimates  that  90  per  cent 
of  the  dairy  cows  of  the  country  belong  to  its  members.  This  is  a 
good  index  of  the  extent  of  cooperation  among  the  dairy  farmers. 

The  union  was  organized  to  carry  out  the  following  purposes : 

(1)  To  keep  the  milk  industry  informed  regarding  market  conditions  of  milk 
and  milk  products. 

(2)  The  preparation  for  sale,  and  the  sale  of  milk  and  dairy  products. 

(3)  Technical  improvement  in  the  methods  of  production  and  handling  of 
milk  and  its  products. 

(4)  Purchase  and  distribution  of  dairy  requisites. 

(5)  Arrangement  of  contracts  with  cheese-makers'  and  cheese-trade  organ- 
izations. 

Some  of  its  activities  in  accomplishing  these  ends  are  the  following: 

(1)  Collection,  tabulation,  and  classification  of  market  data,  which  are  used  as 
a  basis  for  arriving  at  a  decision  concerning  prices  to  be  adopted  for  the  ensuing 
year. 

(2)  Publications  in  two  languages  (French  and  German)  of  a  weekly  journal 
dealing  with  technical  and  economic  phases  of  the  dairy  industry. 
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(3)  Maintenance  of  an  office  of  dairy  building  construction.  This  office 
furnishes  oral  and  written  statements  on  all  questions  relating  to  the  construction 
of  dairy  buildings  and  the  purchase  and  installation  of  dairy  machinery  and 
equipment  for  large  and  small  farms. 

In  connection  with  the  development  of  trade  in  milk  and  dairy 
products,  the  central  union  has  taken  an  active  part  in  the  formation 
of  trade  institutions  which  have  played  a  leading  role  in  molding 
the  commercial  policies  of  the  industry. 

S.  A.  ZOLLIKOFEN 

S.  A.  Zollikofen  is  a  company  formed  in  1911  by  the  cooperative 
dairy  industry  for  the  export  of  Emmenthal  cheese.  At  that  time 
the  exporting  of  Swiss  cheese  was  tending  toward  concentration  in 
the  hands  of  a  few  powerful  dealers.  It  was  beheved  that  these 
dealers  were  acting  in  unison  to  the  detriment  of  the  interests  of  the 
dairy  farmer.  The  Emmenthal  Cheese  Exporting  Co.  was  organized 
for  the  purpose  of  evading  these  dealers  in  sales  abroad. 

This  action  on  the  part  of  the  producers  precipitated  a  bitter 
trade  war  between  the  cooperatives  and  the  private  wholesale  dealers. 
At  first  it  was  difficult  for  the  new  company  to  gain  a  foothold  against 
the  dealers'  league  with  its  large  capital  resources.  After  a  few 
years,  however,  it  succeeded  in  establishing  a  well-organized  sytem 
of  warehouses,  and  is  now  one  of  the  most  important  factors  in  the 
exportation  of  Swiss  cheeses. 

The  initial  capital  was  $135,100;®  this  has  been  increased  by  succes- 
sive steps  to  $966,340.®  The  entire  amount  was  subscribed  by  feder- 
ations. 

By  the  estabUshment  of  this  institution  the  producers  expressed 
their  determination  to  be  a  partner  in  the  cheese-export  business, 
and  to  have  an  intimate  contact  with  the  barometer  of  their  industry. 

SWISS    UNION    OF    CHEESE    EXPORTERS 

At  the  beginning  of  the  World  War  the  cheese  market  underwent 
a  crisis.  The  wholesale  cheese  market  was  disorganized.  Warehouses, 
cooperative  and  private  alike,  were  full  of  a  semiperishable  product 
which  had  to  be  moved  at  some  price.  This  threatening  catastrophe 
brought  about  a  collaboration  between  the  cooperatives  and  the 
private  dealers,  and  the  Swiss  Union  of  Cheese  Exporters  (Union 
Suisse  des  Exportateurs  de  Fromage)  was  formed.  Both  cooperatives 
and  private  dealers  participated  in  the  ownership  and  control  of  the 
new  company.  The  Government  also  participated  in  its  formation 
by  subscribing  to  its  stock. 

In  1916  the  Federal  Council  granted  the  Swiss  Union  of  Cheese 
Exporters  a  monopoly  on  the  export  of  hard  cheese.  lA  1920  the 
Government  withdrew  as  a  participator,  but  the  official  monopoly  of 
the  export  business  was  not  withdrawn  from  the  union. ^^ 

In  1921  the  name  was  again  changed  and  a  reorganization  effected. 
It  is  now  the  Swiss  Union  for  the  Sale  of  Cheese  (Union  Suisse  du 
Commerce  de  Fromage — U.  S.  F.).  The  capital  was  fixed  at  10,000-, 
000  Swiss  francs  ($1,735,000).®  Of  this  amount  the  Central  Union  of 
Swiss  Milk  Producers  furnished  4,000,000   francs,   ($694,000)  ®  and 

See  Table  53  for  the  average  yearly  value  of  the  franc. 
•0  The  oflBcial  monopoly  privileges  were  abolished  July  31, 1926. 
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the  Emmenthal  Cheese  Exporting  Co. — S.  A.  Zollikofen — subscribed 
1,000,000  francs  ($174,000)."  The  Cheese  Makers  Union,  which 
joined  the  organization  in  August,  1925,  subscribed  1,000,000  francs 
($194,000)."  The  remaining  capital  is  in  the  hands  of  the  dealers' 
organization.  Hence  the  milk  producers  furnish  nearly  one-half  of 
the  capital  of  the  new  society. 

The  society  devotes  its  attention  to  the  systematic  organization  of 
the  export  trade.  Here  is  an  example  of  successful  cooperation 
between  the  producer  and  the  private  dealers. 

SWISS    BUTTER    CENTRAL    (LA    CENTRAL    SUISSE    DU    BEURRE) 

Although  Switzerland  is  essentially  a  dairy  country,  it  depended 
before  the  World  War  upon  imports  for  a  large  portion  of  its  butter 
supply.  These  imports  amounted  to  not  less  than  11  to  12  million 
pounds  per  year.  In  1916  foreign  supplies  fell  to  900,000  pounds 
and  were  reduced  to  practically  nothing  in  the  two  following  years. 
These  changes  led  to  such  an  increase  in  price  that  the  Federal  Council 
on  November  27,  1915,  fixed  a  maximum  price  for  butter,  in  order 
to  check  speculation.  As  the  lack  of  butter  increased  this  measure 
was  found  to  be  insufficient.  Butter  disappeared  entirely  from  the 
open  market  and  was  sold  clandestinely  at  exaggerated  prices,  espe- 
cially in  hotels. 

As  the  situation  grew  worse  it  became  necessary  in  the  early  summer 
of  1916  to  extend  the  protective  measures  which  until  then  had  been 
limited  to  fixing  a  maximum  price  and  to  the  prohibition  of  exports. 
It  was  then  that  the  Central  IJnion  of  Swiss  Milk  Producers  in  June, 
1916,  undertook  to  distribute  from  10  to  20  per  cent  of  the  butter 
procured  from  the  manufacture  of  *'serac"  and  casein,  as  well  as 
the  whey  butter,  and  to  distribute  it  to  the  classes  of  consumers 
most  in  need  of  it — hospitals  and  homes. 

On  the  1st  of  November,  1916,  the  central  union  established  a  tem- 
porary butter  central,  which  may  be  considered  as  the  mother  of 
the  federation  centrals  and  official  cantonal  centrals  which  were 
established  later.  The  following  agreement  was  made  by  this  central 
union  with  the  Federal  Department  of  National  Economy: 

The  Central  Union  undertakes,  at  the  request  of  the  Federal  Department  of 
National  Economy,  to  establish  on  the  1st  of  November,  1916,  a  central  Butter 
Depot,  to  which  it  assures  a  daily  supply  of  at  least  2,205  pounds  of  butter. 
Delivery  will  be  made  as  a  rule  only  on  orders,  the  payment  of  which  is  guaran- 
teed by  the  Cantonal  and  Town  authorities.  The  Central  Union  and  its  sections 
are  authorized  by  the  Federal  Department  of  National  Economy  to  pay  for  the 
milk  they  purchase  with  a  view  to  butter  making  up  to  9  cents  per  pound.  Skim 
milk,  resulting  from  butter  and  cheese  manufacture,  will  be  counted  at  0.5  cent 
per  pound. 

The  quantities  of  butter  which  the  federations  undertopk  to  supply 
to  the  butter  central  were  fixed  in  this  agreement,  the  central  in  its 
turn  delivering  the  butter  to  five  depots  situated  in  different  parts 
of  the  country. 

Under  these  conditions  the  arrangement  agreed  upon  between  the 
central  union  and  the  department  of  national  economy  for  provision- 
ing the  country  with  milk  were  confirmed,  as  was  the  distribution  by 
the  central  union.  The  principal  federations  supplying  butter  to  the 
union  were  increased  from  12  to  15,  which  undertook  to  deliver  3,527 

"  See  Table  63  for  the  average  yearly  value  of  the  franc. 
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pounds  of  butter  a  day.     Moreover,  the  general  regulation  for  the 
provisioning  of  butter  by  dairy  federations  was  determined  as  follows: 

The  Central  Union  proposes  jointly  with  the  affiliated  Federations  to  organize 
the  provisioning  of  butter.  For  this  purpose  the  Federations  must  see  that  all 
contracts  for  sale  make  it  compulsory  for  the  purchaser  of  milk,  or  for  the  asso- 
ciations which  utilize  the  milk,  to  consign  on  request  (apart  from  local  sales) 
all  their  butter  to  the  Central  Depot  of  the  Federations. 

These  war  activities  led  to  the  establishment  in  1920  of  the  per- 
manent organization — The  Swiss  Butter  Central.  This  organization 
established  as  a  branch  of  the  Central  Union  of  Swiss  Milk  Producers 
has  taken  over  the  supervision  of  butter  imports  formerly  imder  the 
Minister  of  Public  Economy. 

The  main  functions  of  the  central  at  present  are  the  following:  (1) 
Kequesting  the  manufacture  and  sale  of  Swiss-made  butter,  (2) 
importation  of  butter,  and  (3)  periodical  fixing  of  the  price  of  butter 
to  be  adopted  by  members  of  the  producers'  organization. 

In  attempting  to  measure  the  efficiency  of  the  cooperative  move- 
ment among  dairy  farmers  in  Switzerland,  the  fact  must  be  kept  in 
mind  that  the  export  price  of  Emmenthal  (Swiss)  cheese  is  the  baro- 
meter of  the  industry.  This  is  a  price  that  can  not  be  controlled  by 
any  national  movement.  The  goal  to  be  achieved  through  cooperation 
is  to  know  the  export  situation  and  the  condition  of  the  world's 
cheese  markets  and  to  direct  local  efforts  along  lines  best  adapted  to 
take  advantage  of  conditions  as  they  exist. 

Development  of  the  home  market,  assurance  of  a  uniform  supply  of 
standard  quality  to  the  domestic  and  foreign  consumer,  opening  of 
new  trade  areas,  and  systematic  organization  of  the  import  and  export 
trade  in  dairy  products — these  are  the  outstanding  accomphshments 
of  the  organized  efforts  of  the  Swiss  dairy  farmer. 

THE  SWISS   PEASANTS'   UNION 

The  Swiss  Peasants'  Union  is  one  of  the  world's  outstanding 
achievements  in  the  field  of  agricultural  cooperation.  It  is  a  national 
organization  supported  by  practically  all  the  cooperative  agricultural 
associations  in  Switzerland.  It  is  a  federation  of  federations.  It 
represents  the  organized  agricultural  interests  of  a  nation.  Its 
stability  is  attested  by  more  than  29  years  of  continuous  growth. 
It  began  to  function  in  1898  with  20  member  associations,  having  an 
enrollment  of  74,227  farmers.  In  1910  the  union  contained  24 
associations  with  144,377  members;  in  1920  its  membership  rolls 
contained  47  associations  with  a  total  of  331,474  members;  in  1926 
there  were  52  member  associations  and  402,158  members.  Its 
progressive  growth  is  shown  in  Table  49. 

Table  49. — Growth  in  membership  of  the  Swiss  Peasants'  Union,  1898-1926  {23) 


Year 

Members 

Year 

Members 

Year 

Members 

1898. 

Number 
74,227 
76,048 
78,319 
80,489 
82,888 
83,595 
86,254 
88,868 
92,962 
98, 144 

1908- 

Number 
111,  789 
139, 952 
144, 377 
151,468 
163,943 
176,  798 
182,940 
191, 310 
197,  761 
214,  725 

1918 

Number 
244,292 
263, 412 
331  474 

1899 

1909 

1919 

1900 

1910 

1920 

1901- 

1911... 

1921. 

364,428 
364,994 
382,190 

1902 

1912 

1922 

1903 

1913 

1923- 

1904 

1914 

1924. 

385,893 
395, 847 
402,158 

1905 

1915 

1916 

1925 

1906 

1926 

1907 

1917 
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The  census  of  1905  placed  the  number  of  farms  in  Switzerland  above 
1.2  acres  in  size  at  243,710.  It  is  not  likely  that  the  number  has  mark- 
edly increased  since  that  time.  Hence  it  will  be  noted  that  the  Swiss 
Peasants'  Union  has  some  160,000  more  members  than  there  are  farms 
in  Switzerland.  This  is  explained  by  the  fact  that  many  farmers 
belong  to  more  than  one  cooperative  association  which  adheres  to  the 
union. 

A  state  of  affairs  in  which  a  national  agricultural  association  has 
more  members  than  there  are  farms  in  the  nation  is  significant  of  two 
noteworthy  facts:  (1)  The  large  extent  to  which  farmers  engage  in 
cooperative  activities;  and  (2)  the  complete  manner  in  which  their 
cooperatives  have  federated  into  one  central  union  for  the  purpose  of 
promoting  the  agricultural  interests  of  the  nation. ^^ 

The  diversity  of  agricultural  interests  between  the  different  asso- 
ciations which  belong  to  the  union  is  indicated  by  the  list  in  Table  50 
containing  the  names  of  these  associations.  It  will  be  noted  that  35 
of  the  51  member  organizations  are  themselves  federations  rather  than 
local  cooperatives. 

Because  of  the  important  part  played  by  the  Swiss  Peasants'  Union 
in  agricultural  cooperation  in  Switzerland,  its  origin  and  development 
are  given  in  detail. 

Table  50. — List  of  member  societies  affiliated  to  the  Swiss  Peasants^  Union,  1925 


Title 


Member- 
ship 


Swiss  Society  of  Agriculture - 

Federation  of  Agricultural  Societies  of  Romande,  Switzerland  — ..- 

Tessin  Society  of  Agriculture 

Swiss  Society  of  Alpine  Husbandry 

Federation  of  Agricultural  Cooperative  Societies  of  East  Switzerland 

Federation  of  Agricultural  Cooperative  Societies  of  the  Canton  of  Bern  and  Neighboring 


Cantons. 


NumJber 

102,661 

35,500 

3,000 

2,000 

21,440 

28,000 

Federation  of  Agricultural  Cooperative  Societies  of  Central  Switzerland 6,000 

Federation  of  Agricultural  Cooperative  Societies  of  Northwest  Switzerland 8,003 

Zurich  Federations  of  Agricultural  Associations  and  Syndicates.. 8, 103 

St.  Gall  Federation  of  Agricultural  Cooperative  Societies 11,448 

Swiss  Federation  of  Breeding  Syndicates  for  Brown  Cattle 9,226 

Agricultural  Cooperative  Society  of  Worb 180 

Federations  of  Breeding  Associations  of  Brown  Cattle  of  East  Switzerland 2,900 

Swiss  Federation  of  Breeding  Associations  of  Red  Spotted  Cattle 16,051 

Federation  of  Breeding  Syndicates  of  Red  Spotted  Cattle  of  East  Switzerland 2,000 

Federation  of  Breeding  Associations  of  Simmental  Cattle  of  the  Alpine  Regions.. 550 

Swiss  Federation  of  Breeding  Syndicates  of  Black  Spotted  Cattle - 600 

Bern  Federation  of  Horse  Breeding  Syndicates 2,500 

Federation  of  Cheese  and  Dairy  Associations  of  Northeast  Switzerland 16,800 

Federation  of  Dairy  Societies  of  Northwest  Switzerland-. 9,312 

Bern  Federation  of  Cheese  Making  and  Dairy  Associations ..- 21,398 

Federation  of  Societies  for  Utilizing  Milk  of  Central  Switzerland 8,009 

Federation  of  the  Dairy  Associations  of  the  Districts  of  Zurich,  Argovie,  and  Lucerne 640 

Federation  of  Fribourg  Dairy  Societies  of  the  Mountain  Zone. 3, 325 

St.  Gall  Federation  of  Cheese  Making  Societies - 3,000 

Federation  of  Milk  Producers  of  St.  Gall-AppenzelL- - 1,460 

Federation  of  Milk  Producers  of  Rheintal-Appenzell - -- 2,242 

Argovienne  Federation  of  Dairy  and  Cheese  Making  Societies.- - 5,497 

Thurgovienne  Federation  of  Cheese  Making  Societies--.: 6,765 

Vaudois- Fribourg  Dairy  Federation - - 7,300 

Lausanne  Agricultural  Dairy - - -- 1,200 

Federation  of  Jura- Vaudois  Dairies - - 2,925 

Dairy  Federation  of  the  L6man  District - 3,400 

Valaisanne  Federation  of  Milk  Producers 5,OOo 

Neuchatel  Dairy  Federation - - 1,800 

United  Genevan  Dairies - - 2,000 

Agrarian  Party  of  Canton  Zurich 7,000 

Peasants'  Political  Association  of  Canton  St.  Gall 2,000 

League  of  Argovienne  Peasants.. -  2,000 

"The  Swiss  Peasants'  Union  (L'Union  Suisse  des  Paysans).  For  a  more  detailed  account  of  the 
history  of  the  origin  and  growth  of  this  organization  see  No.  69  Publications  du  Secretariat  des  Paysans 
Suisse,  entitled  "  L'Union  Suisse  des  Paysans  1897-1922  "  <,2j,). 
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Table  50. — List  of  member  societies  affiliated  to  the  Swiss  Peasants'  Union,  1925 — 

Continued 


Title 


Member- 
ship 


Association  of  NeucMtel  Farmers 

Geneva  Chamber  of  Agriculture 

Romande  Federation  of  Vineyard  Owners 

Swiss  Federation  of  Subaltern  Foresters 

Swiss  Association  of  Nurserymen 

Association  of  Swiss  Horticulturists 

Federation  of  Horticultural  Societies  of  German  Switzerland... 
Federation  of  Horticultural  Societies  of  Romande  Switzerland. 

Swiss  Union  of  Farm  Mills 

Swiss  Association  of  Distillery  Concessionaires 

Swiss  Association  of  Land  Improvement  Concerns 

Swiss  Union  of  Plant  Breeders 

Total.... 


Number 
1,000 
2,500 
1,740 

820 
70 

700 
1,750 
2,890 
5,000 

820 
4,650 


395,847 


HISTORY    AND    ORIGIN 


Hard  times  on  the  farm,  great  industrial  progress,  little  agricultural 
progress,  necessity — these,  perhaps,  are  the  outstanding  causes  which 
led  to  the  formation  of  the  Swiss  Peasants'  Union.  In  basic  prin- 
ciples they  are  not  unlike  the  causes  which  play  a  leading  role  in  the 
origin  of  successful  cooperation  the  world  over. 

During  the  latter  part  of  the  eighteenth  century  agriculture  in 
Europe  was  at  a  low  ebb.  The  farmer  was  encumbered  with  taxes 
so  numerous  and  so  heavy  as  to  render  progress  impossible.  This 
condition,  coupled  with  feudal  customs  of  a  past  age,  together  with 
the  old  3-field  system,  forced  the  farmers  to  organize  in  order  to  insure 
the  continuance  of  their  industry  on  a  basis  of  fair  profit. 

At  the  beginning  of  the  nineteenth  century  matters  began  to  mend. 
The  agricultural  progress  taking  place  in  England  at  that  time  made 
itself  felt  in  Switzerland.  The  French  Revolution  also  lent  a  helping 
hand.  Heavy  taxes  were  aboUshed;  large  estates  were  broken  up. 
The  farmer  gained  liberties  never  before  enjoyed.  Science  turned  its 
attention  to  agriculture.  Better  cultural  methods  were  evolved.  By 
the  middle  of  the  nineteenth  century  the  land  had  greatly  increased  in 
productivity,  yet  the  economic  position  of  the  farmer  was  unsatis- 
factory— so  unsatisfactory  that  Swiss  agriculture  was  on  the  decline. 
The  situation  is  not  difficult  to  explain.  Agricultural  forces  had 
succeeded  in  improving  cultural  methods  but  had  failed  to  adjust 
their  activities  to  changing  economic  conditions. 

It  is  the  same  old  story.  Improved  methods  of  communication 
and  transportation  had  widened  the  zone  of  competition  without  a 
corresponding  readjustment.  Farmers  continued  to  grow  products 
long  after  they  had  ceased  to  be  profitable.  For  example,  cereals 
could  be  imported  at  a  price  below  that  which  would  return  the  Swiss 
farmer  production  costs.  Furthermore,  these  same  forces  (improved 
communication)  brought  on  an  industrial  growth  which  threatened 
to  drive  Swiss  agriculture  out  of  existence.  Workers  from  the  land 
flocked  to  the  towns  and  factories.  Switzerland,  as  a  pastoral 
nation,  was  fast  being  transformed  into  an  industrial  and  commercial 
nation  to  the  detriment  of  agricultural  progress.  Legislation,  espe- 
cially the  tariff,  was  formulated  to  meet  the  needs  of  the  manufacturer 
with  little  consideration  to  the  needs  of  agriculture. 
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During  this  period  it  became  apparent  that  if  Swiss  agriculture  was 
to  survive  salvation  must  come  from  its  own  hands.  Many  agricul- 
tural associations  came  into  existence.  For  the  most  part  they  were 
organized  along  commodity  lines  and  hence  failed  to  consider  the 
needs  of  agriculture  as  a  whole.  Conflicting  interests  of  different 
agricultural  organizations  nulhfied  the  influence  of  agriculture  in 
the  councils  of  the  Nation.  Need  was  felt  for  a  union  of  forces  of 
organized  agriculture  modeled  along  lines  of  existing  bodies  designed 
to  promote  the  welfare  of  industry  and  of  labor. 

The  League  of  Zurich  Farmers  first  advanced  the  idea  in  1893. 
A  meeting  in  1896  decided  to  create  a  '* farmers'  secretariat,"  and  a 
committee  was  appointed  to  formulate  a  plan  of  organization  to  be 
presented  at  the  next  Federal  Assembly — the  law-making  body  of 
the  nation.  As  a  result  of  these  activities,  the  Swiss  Peasants'  Union 
was  founded  and  opened  its  offices  on  July  1,  1898. 

Ernest  Laur  was  appointed  director,  and  Henry  Nater  was  made 
assistant  director.  The  efficiency  of  the  leadership  of  these  two  men 
is  attested  by  the  fact  that  these  important  administrative  positions 
are  still  held  by  the  original  appointees. 

Another  interesting  sidelight  on  the  stability  of  the  organization 
is  shown  by  the  fact  that  in  1925,  7  of  the  11  members  of  the  execu- 
tive committee  had  served  in  that  capacity  since  its  founding  in 
1898 — a  quarter  of  a  century  of  service.  The  statutes  governing  the 
Swiss  Peasants'  Union  are  given  on  page  54. 

ACTIVITIES 

The  development  of  the  major  activities  of  the  union  may  be 
divided  into  three  periods : 

(1)  Economic-political,  1898-1906. — During  the  early  years  of  the 
organization  attention  was  devoted  to  the  revision  of  the  tariff  and 
to  the  formulation  of  treaties  of  commerce.  Prior  to  this  time 
agricultural  influence  in  these  fields  had  been  lacking.  Hence  there 
was  much  to  do  in  placing  the  position  of  agriculture  before  the 
lawmakers  of  the  country. 

(2)  Stimulation  oj  the  cooperative  movement,  1906-1913. — It  was 
during  this  period  that  the  imion  devoted  most  of  its  energies  to  the 
sale  of  agricultural  products.  The  question  of  a  remimerative  price 
to  the  grower  was  uppermost.  An  information  service  on  prices  was 
estabHshed.  A  federation  of  milk  producers  was  organized,  and  a 
cooperative  cheese-export  company  was  founded.  Intensive  work 
was  done  to  fortify  the  position  of  agricultural  cooperation. 

(3)  War  and  post-war  adjustments  in  agriculture,  1914  to  ih^  present. 
—This  was  a  period  during  which  much  attention  was,  from  necessity, 
given  to  the  regulation  and  readjustment  of  the  agricultural  resources 
of  the  country.  The  union  served  as  an  intermediary  between  the 
Government  and  the  farmers.  The  membership  in  the  union  in- 
creased at  a  rapid  rate.  A  majority  of  the  different  services — offices 
— of  the  union  were  founded  during  that  period,  and  the  union  itself 
was  placed  on  a  satisfactory  financial  basis. 

The  following  is  a  list  of  the  services  conducted  by  the  union  and 
the  date  of  their  inauguration : 
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Date  founded  Service 

1898.  The  secretariat  of  the  union. 

1900.  Office  of  research  into  the  profitableness  of  agriculture. 

1901.  Paysan  Suisse — official  journal  of  the  union,  published  in  German  and  in 

French. 

1908.  Office  of  price  information. 

1909.  At  the  request  of  the  Federal  Department  of  Agriculture  the  secretariat  of 

the   union   assumed   the   responsibility   of  furnishing   official   statistical 
information    on    the    agriculture    of    Switzerland    to    the    International 
Institute  of  Agriculture  at  Rome. 
1911.  Revue  Suisse  des  marches  agricoles. 

1913.  Office  of  valuation  (for  the  evaluating  of  landed  property). 

1914.  Office  of  information  on  health  and  accident  insurance. 
1916.  Office  of  farm-building  construction. 

1919.  Office  of  information  on  agricultural  machinery  annexed  to  the  office  of 

farm-building  construction. 

1920.  Publication  of  the  Paysan  Suisse  in  the  Italian  language. 

1921.  A  branch  office  of  farm  building  construction  at  Winterthour. 

THE    SECRETARIAT 

A  description  of  the  functions  of  the  different  bureaus  gives  an 
idea  of  the  lines  of  activity  of  the  secretariat.  The  secretariat  is 
more  than  the  administrative  office.  It  conducts  many  research 
studies  as  a  basis  for  advising  with  the  Government  concerning  the 
needs  of  the  farmer;  it  has  assisted  in  the  taking  of  agricultural 
censuses;  it  conducts  courses  in  agricultural  accounting,  and  performs 
numerous  researches,  which  are  necessary  as  a  base  for  intelligent 
political  economic  activities.  The  union  is  the  political  and  public- 
welfare  spokesman  for  agriculture.  The  secretariat  is  the  scientific 
and  technical  service  agency  of  the  union.  The  secretariat  endeavors 
at  all  times  to  know  the  exact  condition  of  Swiss  agriculture  and  to 
place  this  condition  before  the  public  and  the  lawmaldng  bodies. 

OFFICE    OF    RESEARCH    ON    THE    PROFITABLENESS    OP    AGRICULTURE 

These  activities  began  in  1899  as  a  result  of  a  request  on  the  part 
of  the  federal  department  of  agriculture  that  the  secretariat  begin 
to  study  the  exact  situation  of  agriculture.  These  studies  were  begun 
by  inviting  10  farmers  of  different  regions  to  come  together  under  the 
direction  of  the  secretariat  for  the  purpose  of  receiving  a  short  course 
in  farm  accounting,  it  being  understood  that  each  of  these  men  would 
keep  accounts  of  their  farm  activities  for  one  year  according  to 
the  methods  of  instruction,  and  submit  their  books  to  the  union  for 
analysis. 

As  a  result  of  this  experience,  the  secretariat  began  in  1901  to  give 
an  intensive  3-day  course  in  farm  bookkeeping.  This  course  is  given 
each  year,  free  of  charge,  and  is  attended  by  from  120  to  130  farmers. 
In  addition,  the  secretariat  pays  third-clq,ss  round-trip  railway  fare 
from  the  home  of  the  farmer  to  the  place  where  the  course  is  held, 
furnishes  board  and  room  during  the  course,  and  supplies  all  necessary 
materials.  The  candidate  taking  the  course,  in  turn,  agrees  to  keep 
an  account  of  his  farm  activities  for  the  ensuing  year  and  to  place  his 
books  at  the  disposition  of  the  union. 

Up  to  and  including  the  year  1923  a  total  of  2,406  farmers  had 
received  instruction,  representing  nearly  17  farms  out  of  1,000  farms 
of  more  than  7  acres  each.  On  an  average  each  participant  in  the 
course  submits  his  accounts  to  the  secretariat  for   three  years.     Four 
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of  the  130  who  took  the  course  in  1901  were  still  submitting  their 
accounts  in  1923.  The  following  tabulation  gives  the  percentages  of 
those  keeping  accounts  for  one  year  or  more : 

Number  of  years  that  accounts  were  Percentages  of  these  farmers 

submitted  by  same  farmer  taking  course 

1  85  to  90 

2  50 

3  33 

4  25 

5  20 
10  11 

To  encourage  the  participants  to  keep  records  for  a  series  of  years 
the  union  gives  a  special  reward  to  each  one  who  completes  10  con- 
secutive years,  and  another  to  each  who  completes  5  consecutive 
years.  Arrangements  are  being  made  for  special  recognition  of  merit 
for  those  who  complete  a  25-year  period. 

As  a  result  of  these  activities,  at  the  end  of  March,  1925  the  union 
had  received  a  total  of  6,944  usable  yearly  accounts  upon  which 
to  base  its  researches  on  the  profitableness  of  farming.  The  values  of 
the  studies  made  from  data  contained  in  these  accounts  are  classified 
by  the  union  as  follows: 

They  contribute  to  the  understanding  of  the  profitableness  of  agriculture  in 
Switzerland  and  assist  in  following  the  economic  fluctuations. 

They  assist  in  the  solution  of  a  great  number  of  questions  pertaining  to  the 
field  of  agricultural  economics. 

They  furnish  a  valuable  collection  of  information  for  use  in  agricultural  schools. 

They  furnish  a  voluminous  documentation  in  support  of  agricultural  policies 
and  thus  play  an  essential  role  in  the  field  of  national  economy. 

They  contribute  to  the  professional  instruction  of  the  farmer. 

They  permit  the  farmer-accountant  to  have  an  exact  idea  of  the  value  of 
agricultural  property,  and  frequently  they  serve  as  a  base  for  fixing  a  value  upon 
inherited  property.  They  place  the  farmer  on  his  guard  against  purchasing 
agricultural  properties  at  exaggerated  prices. ^^ 

OFFICE    OF    PRICE    INFORMATION 

The  development  of  the  dairy  industry  in  Switzerland  called  for 
more  timely  and  more  accurate  market-information  service  relating 
to  daily  products.  This  division  was  created  to  fill  that  demand.  It 
issues  weekly  a  press  service  under  the  title  ''Review  of  Markets,'* 
which  contains  statistical  data  regarding  the  existing  status  of  the 
agricultural  markets  and  forecasts  future  trends.  Since  the  important 
markets  for  Swiss  cheese — the  barometer  of  the  Swiss  dairy  industry 
— are  foreign,  the  market  reporting  must  necessarily  be  international 
in  make-up. 

During  the  World  War  this  division  estimated  the  food  supplies 
of  the  country. 

This  office  has  been  designated  by  the  Swiss  Government  as  the 
official  statistical  contact  office  between  Switzerland  and  the  Inter- 
national Institute  of  Agriculture  at  Rome. 

OFFICE    OF    LAND    VALUATION 

In  1912  the  secretariat  proposed  to  the  union  the  foundation  of  a 
service  of  information  on  the  valuation  of  real  estate,  in  view  of  the 
great  importance  of  securing  reliable  data  both  on  the  capital  value 
and  the  yield  from  farm  operation.     It  was  pointed  out  that  under 

"  For  a  detailed  account  of  the  organization  and  operation  of  this  division  of  the  union  see  Lfls  Recherchea 
du  Secrfitariat  des  Paysans  Suisses  sur  la  Rentabihtfi  de  1' Agriculture  by  Fritz  Zaugg  (SO). 
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the  revised  Swiss  Civil  Code,  the  laws  concerning  the  transmission 
by  inheritance  of  farm  property,  enacted  with  a  view  to  avoiding 
its  excessive  subdivision,  make  it  especially  important  to  secure 
reliable  information  on  the  income  derived  from  the  farm. 

The  sons  of  farmers  who  wish  to  take  over  the  farm  often  complain 
of  the  difficulty  encountered  in  determining  the  value  of  the  property. 
In  many  cases  the  authorities  who  settle  these  matters  have  only  a 
vague  knowledge  of  the  value  of  the  land.  It  must  be  admitted 
that  accurate  appraisement  of  farm  property  is  a  difficult  task.  The 
essential  accumulated  data,  systematically  collected,  pertaining  to 
the  earning  capacity  of  farm  property  are  often  lacking. 

The  Swiss  Peasants'  Union  by  its  extended  work  in  farm  account- 
ancy has  obtained  accurate  records  of  farm  operations  from  all  parts 
of  the  country.  These  records  enabled  it  to  ascertain  the  earning 
capacity  of  farms  engaged  in  important  types  of  enterprises.  Hence 
the  Swiss  Peasants'  IJnion  is  in  a  particularly  favorable  position  for 
organizing  this  work  of  land  valuation,  and  to  put  it  in  form  so  that 
the  inheritance  laws  can  be  carried  out. 

The  following  tasks  are  intrusted  to  this  office  of  land  valuation: 
(1)  Surveys  and  appraisements  carried  out  for  individuals  on  the 
occasion  of  repurchase  of  inheritance,  divisions  of  property  and 
acquisition,  and  statements  of  crop  losses  due  to  floods  and  other 
causes;  (2)  preparation  of  appraisements  and  surveys  made  in  the 
interests  of  banks  and  the  Government;  (3)  preparation  of  appraise- 
ments and  surveys  in  case  of  expropriation  of  lands;  (4)  assistance 
in  appraisements  made  by  the  public  authorities;  and  (5)  scientific 
work  in  the  fields  of  agricultural  taxation. 

Most  of  the  valuations  of  this  office  are  made  in  connection  with 
inheritance  of  property  but  its  activities  are  not  limited  to  appraise- 
ments of  farm  property  alone.  It  conducts  a  consultative  service 
on  equitable  rates  of  rent,  land  expropriation  for  telephone,  electric, 
and  hydraulic  uses,  and  the  average  value  of  landed  property  in  different 
districts. 

In  August,  1919,  this  office  established  a  division  for  the  transfer 
of  farm  properties,  which  deals  with  the  sale  of  farms  and  the  renting 
of  farms  and,  on  the  request  of  the  parties  concerned,  it  estimates 
the  value  of  the  estate  or  calculates  its  equitable  rent. 

In  1920  a  further  branch  was  added  for  placing  probationers  and 
young  people  who  wish  to  learn  farm  work  or  to  pass  their  vacations 
on  farms.  This  branch  was  intrusted  with  the  finding  of  employ- 
ment on  farms.  The  office  hopes  by  this  means  to  induce  young 
people  to  take  up  farm  work,  thus  remedying  to  some  extent  the 
insufficiency  of  labor  under  which  agriculture  now  suffers. 

OFFICE    OF    CONSTRUCTION    OF    AGRICULTURAL    BUILDINGS 

The  office  of  construction  of  agricultural  buildings  began  to  func- 
tion in  1917.  Its  purpose  is  to  furnish  information,  advice,  plans, 
and  specifications  for  the  construction  of  farm  buildings.  Its  staff 
is  composed  of  technically  trained  employees.  The  work  was  divided 
into  two  main  divisions.  One  is  purely  advisory,  and  the  other  is 
concerned  with  the  details  of  carrying  out  specific  undertakings,  such 
as  drawing  up  specifications,  compiling  estimations  of  cost,  and  the 
supervision  of  actual  construction.  A  third  division  of  agricultural 
machinery  was  added  in  1919. 
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OFFICE    OF    HEALTH    AND    ACCIDENT   INSURANCE 

As  a  result  of  a  law  passed  in  1912  creating  a  system  of  voluntary 
health  and  accident  insurance  for  workers,  the  union  founded  in  1914 
a  special  office  of  information  pertaining  to  the  application  of  insur- 
ance to  agricultural  workers.  This  office  devotes  its  attention  to  the 
study  and  to  the  giving  of  information  on  health  and  accident  insur- 
ance, compulsory  (cantonal)  state  insurance,  medical  tariffs,  vol- 
untary accident  insurance,  and  diverse  questions  of  insurance. 

LIBRARY 

The  secretariat  devotes  a  part  of  its  Government  subsidy  to  the 
upbuilding  of  a  central  agricultural  library.  This  Hbrary  now  con- 
tains some  12,000  volumes. 

PERSONNEL 

The  paid  staff  of  the  union  increased  from  that  of  director  and 
assistant  director  in  1898  to  61  persons  in  1923,  not  including  the 
numerous  designated  correspondents  and  agents  throughout  the 
country — ''hommes  des  confiances." 

The  division  of  the  staff  among  the  different  major  services  is  as 
follows : 

Number 

of  persons 

Services  employed 

Secretariat 12 

Office  of  research  on  the  profitableness  of  farming 10 

Office  of  land  valuation 10 

Office  of  price  information 5 

Office  of  farm-building  construction  at  Brougg 17 

Office  of  farm-building  construction  at  Winterthour 7 

Total 61 

FINANCES 

Since  its  beginning  the  union  has  received  a  subsidy  from  the 
Government,  but  as  the  activities  of  the  union  have  developed  the 
Federal  subsidy  has  become  relatively  smaller.  In  1898  the  Govern- 
ment fund  was  83  per  cent  of  the  total  receipts;  in  1913  it  was  25 
per  cent;  in  1914  it  was  only  14  per  cent. 

Table  51  gives  the  amount  and  sources  of  the  receipts  of  the  union. 
In  1924  its  total  income  amounted  to  $108,755.  The  expenses  for 
1924  are  shown  in  Table  52.  The  average  value  of  the  franc  for 
recent  years  is  shown  in  Table  53. 

It  is  interesting  to  attempt  to  compare  the  activities  of  the  Swiss 
Peasants'  Union  with  the  national  or  general  welfare  farmers'  organi- 
zations of  the  United  States.  The  functions  of  the  secretariat  of 
the  Swiss  Peasants'  Union  are  largely  those  of  an  intermediary 
between  the  farmers  and  the  State.  It  is  the  duty  of  this  section  to 
see  that  the  interests  of  the  farmer  are  fully  brought  to  the  attention 
of  the  public  and  the  lawmakers  of  the  country.  Its  activities  are 
semipolitical.  In  this  the  Swiss  organization  has  much  in  common 
with  the  general  farmers'  organizations  of  the  United  States.  But 
here  the  similarity  in  a  large  measure  ceases,  for  the  functions  of  the 
other  divisions  are,  in  our  country,  performed  for  the  most  part  by 
the  State  and  the  Federal  Governments. 
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Table  51. — Receipts  of  the  Swiss  Peasants'  Union,  1898-1924 


Year 

Federal 
subsidies 

Regular 
subscrip- 
tions 
from 
sections 

Pay- 
ments 
made  by 
sections, 
agricul- 
tural pa- 
pers, etc., 
for  the 
Paysan 
Suisse  1 

Volun- 
tary sub- 
scriptions 
of  collab- 
orating 
members 

Receipts 
of  the 
price- 
infor- 
mation 
office 

Receipts 
of  the 

land  val- 
uation 
office 

Receipts 
of  the 

building 
office 

Gifts 
paid  into 

an  un- 
alienable 

fvmd 

Total 

1898 

Dollars 
3,474 
3,944 
4,255 
4,246 
4,825 
4,825 
5,790 
5,790 
5,790 
5,790 
7,720 
7,720 
7,720 
7,720 
7,720 
7,720 
7,792 
7,563 
7,705 
8,555 
8,651 
7,593 
12,677 
13,  015 
14,299 
13,  545 
13,667 

Dollars 

693 

759 

756 

777 

795 

787 

851 

857 

883 

961 

1,079 

1,350 

1,419 

1,488 

1,608 

1,735 

1,811 

1,837 

1,934 

2.327 

2,684 

2,548 

2,969 

3,239 

3,844 

3,725 

3,756 

DoUars 

Dollars 

Dollars 

Dollars 

Dollars 

Dollars 

DoUars 
4,167 

1899 

4,703 

1900 

5,011 

1901 

453 
1,453 
1,320 
1  371 
1,583 
2,027 
1,443 
1,888 
2,017 
1.749 
2,076 
1,867 
2,127 
1,908 
2,111 
2,244 
2,753 
3,697 
3,358 
5,265 
5,689 
7,910 
7,417 
7,429 

5,476 

1902 

7,073 

1903 

3,408 
2,470 
2,735 
3,371 
3,858 
4,246 
4,494 
4,869 
6,739 
7,047 
7,157 
7,224 
7,438 
8,263 
9,832 
10,848 
13, 116 
13,227 
13,989 
21,228 
14,608 
22,327 

10,340 

1904 

10, 482 

1905 

10,965 

1906 

12, 071 

1907 

12, 052 

1908 

14,933 

1909 

15,  581 

1910 

15,  757 

1911 

4,037 
8,210 

8,066 
7.019 
7,576 
9.546 
12,960 
14,003 
14.  260 
16,  243 
18,  807 
17,050 
17,083 

22,060 

1912 

26,452 

1913 

26,016 

1914 

26,801 

1915 

723 
1,796 
2,989 
5,269 
5,270 
7,339 
7,540 
12,836 
11,238 
10,680 

26,691 

1916 

29,518 

1917         

7,766 
11,851 
21, 695 
25,291 
24. 132 
38.404 
32,445 
32,394 

43,768 

1918 

55,960 

1919 

67,583 

1920 

81,028 

1921 

2  24,935 
1,596 
1,111 
1,419 

108, 782 

1922 

118,924 

1923.... 

101, 139 

1924 

108,  755 

1  This  is  the  organ  of  the  union,  first  published  in  1901.  Published  in  German,  French,  and  Italian,  and 
embodied  as  a  supplement  in  22  Swiss  agricultural  papers. 

2  In  1912  the  Lausanne  Federal  Exhibition  of  Agriculture  made  out  of  the  profits,  a  gift  to  the  Swiss  Peas- 
ants' Union,  which  was  used  as  the  nucleus  for  a  special  donation  fund.  Details  are  not  given  beyond 
stating  that  on  the  31st  of  December,  1923,  it  amounted  to  143,682.15  Swiss  francs.  (See  Table  53  for  average 
yearly  value  of  the  francJ 


Table  52. — Expenses  of  the  Swiss  Peasants'  Union,  1923  and  1924 


Item 


E.\penditures 


1923 


1924 


Secretariat: 

Salaries.. 

Commissions  of  experts 

Library 

Binding 

Newspapers... 

Postage... 

Printing 

Furniture 

Stationery,  etc 

Rent  of  office,  etc 

Taxes,  insurance 

Interest  on  C/A 

Sundry 

Total 

Division  of  farm  accoimtancy 

Price-information  office 

Land-valuation  office 

Architect's  office  and  farm-machinery  section 

At  Brougg - 

At  Winterthour 

Union's  paper,  Paysan  Suisse 

Total 


Dollars 

6,195 

7 

297 

96 

128 

286 

2,207 


665 
36 
18 


10, 476 


12,630 
17,050 
11,238 

23,060 
9,395 
7,417 


91,256 


DoUars 

6,676 

15 

338 

113 

128 

515 

1,107 

24 

335 

729 

78 

20 

124 


10,205 


12,041 
17,083 
10,680 

21,498 
10, 895 
7,429 


89,831 


For  average  yearly  values  of  the  franc  see  Table  53. 
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Table  53.— Average  value  of  the  Swiss  franc,  1913-1927 


Month 

1921 

1922 

1923 

1924 

1925 

1926 

1927 

January .. 

Cents 
15.68 
16.36 
17.08 
17.36 
17.86 
17.01 
16.55 
16.82 
17.20 
18.23 
18.80 
19.39 

Cents 
19.42 
19.52 
19.45 
19.45 
19.21 
19.04 
19.10 
19.04 
18.79 
18.42 
18.44 
18.91 

Cents 
18.78 
18.80 
18.59 
18.24 
18.03 
17.94 
17.55 
18.05 
17.86 
17.87 
17.55 
17.45 

Cents 
17.32 
17.37 
17.29 
17.60 
17.72 
17.66 
18.19 
18.82 
18.88 
19.18 
19.28 
19.38 

Cents 
19.34 
19.26 
19.26 
19.33 
19.35 
19.40 
19.41 
19.40 
19.31 
19.27 
19.27 
19.30 

Cents 
19.31 
19.26 
19.25 
19.30 
19.35 
19.36 
19.36 
19.32 
19.32 
19.31 
19.28 
19.32 

Cents 
19  27 

February _  ... 

19.23 
19.24 
19.23 
19  23 

March     _.   . 

April 

May 

June 

19  24 

July.. 

19.25 
19  28 

September 

19  28 

October 

19.29 
19  29 

December 

Average" 

17.  3539 

19.  0652 

18.06 

18.  2228 

19.  3268 

19.  3130 

Federal  Reserve  Bulletins,  average  rate  of  exchange. 

1  Prior  to  1921  the  average  value  of  the  franc  is  given  as  follows:  1913  (par),  19.3  cents;  1914,  19.48  cents; 
1915,  18.908  cents;  1916,  19.262  cents;  1917,  21.388  cents;  1918,  21.6275  cents;  1919,  18.983  cents;1920, 16.903  cents. 

Researches  into  the  profitableness  of  farming  constitute  an  activity 
which  is  carried  on  by  the  farm-management  departments  of  nearly 
every  agricultural  college  in  the  United  States  and  by  the  United 
States  Department  of  Agriculture.  Farm-building  construction  is 
also  a  phase  of  study  of  most  agricultural  colleges.  Price-information 
service  has  become  an  important  governmental  service  in  the  United 
States.  It  should  be  remembered,  however,  that  the  Swiss  organiza- 
tion is  a  semigovernmental  body,  inasmuch  as  it  receives  a  Government 
subsidy  and  is  charged  with  the  making  of  many  official  statistical 
inquiries. 

Hence  it  is  difficult  to  compare  the  activities  of  the  Swiss  Peasants' 
Union  with  the  general  farmers'  organization  in  the  United  States, 
for  in  one  country  the  farmers  perform  many  services  for  themselves 
which  in  the  other  country  are  looked  upon  as  public-welfare  functions 
to  be  performed  by  the  State  and  Federal  Governments. 

Without  doubt  the  Swiss  Peasants'  Union  is  one  of  the  outstanding 
examples  of  successful  cooneration  in  promoting  the  general  welfare 
of  agriculture. 

ARTICLES    OF    ASSOCIATION    OF    THE    SWISS    PEASANTS*    UNION,    1920 

Purpose 

Article  1.  The  Agricultural  Associations  of  Switzerland  (societies,  associations, 
agricultural  syndicates,  and  Agrarian  parties)  form  the  Swiss  Peasants'llnion, 
the  purpose  of  which  is  to  represent  and  safeguard  the  interests  of  agriculture. 

Sections  and  Members 

Article  2.  The  Swiss  Peasants'  Union  consists  of  sections  and  collaborating 
members. 

Article  3.  Any  association,  regardless  of  political  and  religious  opinions, 
consisting  of  a  majority  of  Swiss  nationals  and  formed  for  the  purpose  of  defend- 
ing agricultural  interests,  is  entitled  to  affiliation  with  the  Swiss  Peasants'  Union 
as  a  section,  if  it  is  not  already  affiliated  to  an  existing  section.  The  Committee 
may  also,  as  an  exception,  accept  organizations  affiliated  to  its  sections;  for 
instance,  sections  of  Cantonal  associations. 

Organization 

Article  5.  The  organs  of  the  Swiss  Peasants'  Union  are: 
(a)  The  Assembly  of  Delegates. 
(h)   The  Committee  of  the  Union. 

(c)  The  Directing  Committee. 

(d)  The  Director. 

(e)  The  agricultural  Secretariat. 
(/)  The  confidential  agents. 
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Assembly  of  Delegates 

Article  6.  The  ordinary  Assembly  of  Delegates  is  held  as  a  rule  once  a  year. 
The  Committee  of  the  Union  may,  nevertheless,  be  called  once  every  two  years 
if  there  are  no  urgent  matters  to  discuss,  and  during  the  interval  the  Committee 
will  discharge  current  business. 

When  important  and  urgent  matters  require  it,  the  Committee  of  the  Union 
summons  the  delegates  to  a  special  Assembly.  Besides  this,  one-quarter  of  the 
sections  of  the  Union  may  ask  the  Committee  to  send  out  a  special  convocation. 

Article  7.  Delegates  are  appointed  by  the  associations  affiliated  to  the  Union 
as  a  section.     Each  section  has  the  right  to  elect  a  delegate. 

Associations  with  more  than  500  members  appoint  one  delegate  for  every  500. 
The  membership  is  reckoned  on  the  basis  of  the  figure  used  in  determining  the 
last  annual  subscription. 

Committee  of  the  Union 

Article  8.  The  President  and  the  members  of  the  Committee  of  the  Union 
are  appointed  every  four  years  by  the  Assembly  of  the  Delegates.  The  Assembly 
of  Delegates  proceeds  at  its  next  meeting  to  fill  any  vacancies  in  its  membership. 

The  Committee  of  the  Union  consists  of  80  members.  In  its  appointment  the 
different  languages  spoken  in  the  country  must  be  taken-into  consideration,  so  that 
they  may  be  represented  proportionately  to  the  number  of  members  of  the  sec- 
tions affiliated  to  the  Union. 

The  Committee  of  the  Union  fixes  and  prepares  the  agenda  for  the  Assemblies 
of  delegates,  and  appoints  the  directing  Committee. 

Directing  Committee 

Article  9.  The  directing  Committee  consists  of  11  members;  the  President, 
the  first  and  second  Vice-Presidents,  and  eight  assessors.  It  must  be  so  formed 
that  the  languages  of  the  country  are  equitably  represented  thereon. 

This  Committee  is  selected  from  the  Committee  of  the  Union,  and  appointed 
by  it  for  a  period  of  four  years.  It  represents  the  Swiss  Peasants'  Union  in  its 
relations  with  outsiders,  directs  its  business,  and  supervises  the  institutions  of 
the  Union.  It  submits  each  year  a  report  on  management  to  the  Committee  of 
the  Union. 

Director 

Article  10.  The  Director  of  the  Swiss  Peasants'  Union  jointly  with  the 
President  of  the  Union  discharges  current  business. 

The  Director  is  appointed  by  the  Committee  of  the  Union. 

He  has  a  consultative  vote  at  the  Assembly  of  Delegates  and  at  the  meetings  of 
the  Committee  of  the  Union  and  of  the  Directing  Committee. 

Agricultural  Secretariat 

Article  11.  The  Agricultural  Secretariat  is  the  central  scientific  bureau  of  the 
Swiss  Peasants'  Union.  Its  duty  is  to  study  the  agricultural  situation  of  the 
country  and  the  means  to  ensure  its  progress,  to  collect  documentation  for  this 
purpose,  and  to  submit  proposals  with  a  view  to  developing  and  encouraging  the 
professional  farmer. 

Article  12.  The  Agricultural  Secretary  is  the  responsible  head  of  the  Secre- 
tariat. He  and  his  assistants  are  appointed  every  four  years  by  the  Committee 
of  the  Union.  They  must  be  Swiss  nationals,  and  belong  to  two  different 
linguistic  regions.  The  Agricultural  Secretary  and  the  first  assistant  take  part 
in  the  deliberations  of  the  Committee  of  the  Union  and  of  the  Directing  Com- 
mittee, and  exercise  the  functions  of  secretary  and  translator.  The  Secretary 
has  a  consultative  vote. 

Confidential  Agents 

Article  13.  The  confidential  agents  are  appointed  to  support  by  their  efforts 
in  the  political  commune  in  which  they  are  domiciled  the  accomplishment  of  the 
work  which  the  Swiss  Peasants'  Union  has  undertaken. 

They  are  designated  by  the  Secretary  of  the  Union  who  takes  into  account  the 
recommendations  and  proposals  of  the  Agricultural  Associations. 

They  enjoy  the  rights  of  collaborating  members  without  being  required  to  pay 
a  subscription. 
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Finances 

Article  14.  To  meet  the  expenses  of  the  Union,  the  associations  pay  an  annual 
subscription  of  5  centimes  at  least  per  member,  with  a  minimum  of  100  Swiss  francs. 
The  Committee  of  the  Union  may  authorize  special  arrangements  with  agricul- 
tural associations  which  do  not  possess  the  necessary  funds  to  make  the  annual 
subscription. 

The  Union  also  receives  the  voluntary  contributions  paid  in  by  collaborating 
members. 

Federal  subsidies  must  not  be  spent  on  the  administration  of  the  Union.  The 
institutions  of  the  Union  which  receive  federal  subsidies  must  keep  separate 
accounts  from  those  of  the  Union. 

Regulations 

Article  15.  The  regulations,  which  must  be  discussed  beforehand  by  the 
Directing  Committee  of  the  Union  and  approved  by  an  assembly  of  Delegates, 
set  forth  the  rights  and  duties  of  the  several  organs  of  the  Swiss  Peasants'  Union. 

Amendment  oj  the  Articles  of  Association 

Article  16.  The  amendment  of  the  Articles  of  Association  can  only  be  decided 
on  by  two-thirds  of  the  delegates  present  at  the  Assembly  which  is  called  to 
deliberate  thereon. 

These  present  articles  repeal  those  approved  by  the  Assembly  of  Delegates  en 
the  15th  of  March,  1909. 
Berne:  26th  March  1920. 

On  Behalf  of  the  Assembly  of  Delegates. 
First  Vice-President:  Naegli. 
Secretary:  Dr.  Ernest  Laur. 

MISCELLANEOUS  INFORMATION  ON  COOPERATIVES  " 


In  1910  there  were  6,231  local  agricultural  organizations  in  Swit- 
zerland. Their  combined  membership  totaled  293,719 — an  average 
of  around  48  members  to  the  local  association.  In  1920  the  number 
of  organizations  had  increased  to  10,942  and  the  number  of  members 
to  657,082 — an  average  of  60  members  to  the  local.  In  other  words, 
the  number  of  local  associations  increased  76  per  cent  and  the  member- 
ship 124  per  cent.     (See  Table  33.) 

federations 

Most  of  the  local  associations  are  affiliated  with  federations,  and 
many  of  the  federations  are  in  turn  affiliated  with  other  federations. 
The  Swiss  Peasants'  Union  is  the  keystone  of  the  federated  arch. 
It  represents  and  is  supported  by  the  whole  of  organized  agriculture 
in  Switzerland. 

In  1910  the  cantonal,  intercantonal,  and  national  organizations, 
most  of  which  were  federations,  numbered  177,  with  577,012  mem- 
bers— an  average  of  3,260  members  to  the  federation.  In  1920  there 
were  368  federations,  with  1,440,928  members — an  average  of  3,915 
members  to  the  federation.  During  the  10-year  period  organizations 
increased  108  per  cent  and  membership  160  per  cent. 

In  considering  these  figures  it  must  be  remembered  that  many 
farmers  belong  to  more  than  one  organization,  and  for  that  reason 
the  total  membership  does  not  necessarily  represent  separate  indi- 
viduals. One  individual  may  represent  several  memberships. 
(Table  54.) 

"  See  also  the  sections  on  "Cooperation  in  the  dairy  industry,"  and  on  the  "Swiss  Peasants'  Union." 
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Table    54. — Number   and   memhership   of  cantonal,   inter  cantonal,    and   national 
agricultural  associations  in  Switzerland,  1910  and  1920  (25) 


Class 

Associations 

Members 

1910 

1920 

Increase 

1910 

1920 

Increase 

Cantonal,    intercantonal,    and 
national  agricultural  associa- 
tions  

Number 
176 

1 

Number 
367 

1 

Number 
191 

Per  cent 
109 

Number 
432, 635 
144. 377 

Number 

1, 109, 454 

331, 474, 

Number 
676. 819 
187, 097 

Per  cent 
156 
130 

Swiss  Peasants'  Union 

Total     ... 

177 

368 

191 

108 

577,012 

1,440,928 

863, 916 

150 

LOCALS    AND    FEDERATIONS 

Table  55  gives  the  total  number  of  all  agricultural  associations — 
locals  and  centrals — and  their  combined  membership.  The  number 
of  all  organizations  increased  76  per  cent  during  the  10-year  period, 
and  the  membership  increased  141  per  cent.  Only  three  of  the 
groups  failed  to  show  an  increase  in  the  number  of  societies,  and  one 
group — grape  growing — showed  a  decrease.  No  group  lost  in  mem- 
bership. 

Table  55. — Number  and  membership  of  all  agricultural  organizations  in 
Switzerland,  1910  and  1920  {22,  25) 


Class 

Associations 

Members 

1910 

1920 

Increase 

1910 

1920 

Increase 

Agricultural 

Number 
856 

567 
2,819 
1,293 
80 
57 
53 

15 

Number 
1,055 

785 
3,573 
1,826 
136 
54 
53 

28 

59 

351 

86 

193 

290 

60 

288 

2,118 

354 

1 

Number 
199 

218 
754 
533 
56 
1—3 

Per  cent 
23 

38 
27 
41 
70 
1—5 

Number 
266,876 

105,728 

140, 471 

78,904 

9,326 

4,986 

974 

1,874 

Number 
484, 482 

319, 041 

307, 659 

123,809 

17,958 

6,381 

2,098 

1,909 
11,981 
28,122 

5,165 

11,060 

10,423 

14,  259 

47, 647 

247,704 

126,838 

331, 474 

Number 
217,606 

213, 313 

167, 188 

44,905 

8,632 

1,395 

1,124 

35 
11,  981 
16, 955 
5,165 

7,432 

6,477 

7,812 

29,011 

174, 313 

126,838 

187, 097 

Per  cent 

82 

Agricultural  cooperative  socie- 
ties  

202 

Dairying 

119 

Stock  breeding  ... . 

57 

Pomological 

93 

Vine  culture 

28 

Distillery 

115 

Associations  for  advancement 
of  cultural  practices. 

13 
59 
118 
86 

120 

157 

18 

143 

2,077 

354 

87 

2 

Horticultural 

Alpine  husbandry 

233 

51 

11, 167 

152 

Forestry ^ 

Society  for  land  improvement 
and  irrigation 

73 

133 

42 
145 
41 

164 

118 

43 

99 

6,066 

3,628 

3,946 

6,447 
18,  636 
73, 391 

205 

Associations  for  threshing  and 
for  the  utilization  of  agricul- 
tural machinery  and  imple- 
ments..  

164 

Cooperative  bakeries,  slaugh- 
terhouses, and  mills 

121 

Cooperative  credit-.  

156 

Cooperative  insurance 

238 

Political  or  economic 

Swiss  Peasants'  Union 

1 

144, 377 

130 

Total.   _ 

6,408 

11, 310 

4,902 

76 

870,  731 

2,098,010 

1,  227,  279 

141 

1  Decrease. 

In  1920  the  11,310  locals  and  federations  had  a  combined  member- 
ship of  2,098,010.  The  last  agricultural  census  (4)  gave  the  number 
of  farms  in  Switzerland  of  1.2  acres  and  above  in  size  at  245,000  in 
round  numbers.  There  is  no  reason  to  believe  that  this  number  has 
materially  changed.  Hence  there  is  an  average  of  nine  memberships 
to  each  farm.  This  is  explained  in  three  ways:  (1)  Usually  more  than 
one  person  connected  with  a  given  farm  belongs  to  farm  organiza- 
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tions.  (2)  Because  of  the  specialized  nature  of  most  of  the  organiza- 
tions a  farmer  may  belong  to  a  number  of  locals.  (3)  The  local  may 
have  a  number  of  affiliations  and  enroll  its  membership  with  each 
affiliation.  But  even  with  these  explanations  the  average  number  of 
memberships  per  farm  appear  to  be  extraordinarily  large. 

PROPERTY    OWNED    OR    CONTROLLED    BY    COOPERATIVES 

The  following  list  (Table  57)  contains  a  classified  summary  of  the 
property  owned  or  controlled  by  the  cooperative  associations:  570 
warehouses  and  buildings  (with  necessary  mechanical  installations), 
2,095  cheese  factories  and  dairy  plants,  103  mills,  32  bakeries,  89 
distilleries,  235  cellars  and  presses.  409  pastures,  89  other  agricul- 
tural properties,  and  233  forests. 


Table  57. 


-Number  of  agricultural  associations  owning  or  controlling  property  in 
Switzerland,  1920 


Agricultural  associations  owning  or  controlling— 

II 

.2  bo 

Class 

H 

§ 

It 

0 

s 

2 
1 

•0 
§ 

3 

1 
0 

0 

Agricultural  associations 

66 

6 

12 

1 

3 

8 

■^ 

3 

9 

85 

Societies     ornithology,     poultry,     and 

Societies  of  beekeepers 

272 
45 

13 

1,988 

38 

7 

15 
4 

34 
3 

4 
113 

6 
16 

2 
27 

1 
5 

293 

Dairy  and  cheese-making  societies 

Associations  of  the  dairy  industry 

1,203 

7 

10 

2 

1 

42 
14 
18 
2 

10 

1 
3 

13 
3 
4 

56 

Horse-breeding  syndicates 

14 

20 

Sheep-breeding  syndicates 

2 

Swine-breeding  syndicates 

1 
3 

1 

1 

Pomological  societies  and  for  the  utiliza- 
tion of  fruits 

29 

2 
6 
4 

15 

43 

11 
12 

2 

4 

2 

47 

Grape-growing  and  wine-making  asso- 

13 

Distillery  societies 

33 

-T 

4 
...... 

14 
11 

6 

— ... 

"i25" 
57 
3 

35 

5 

Horticultural  associations 

3 

Associations  of  Alpine  husbandry.. 

Forestry  societies 

' 

76 

32 

288 
3 

1 

291 

57 

Land-reclamation  societies 

1 

3 

117 

10 

3 



10 

Societies  for  the  utilization  of  agricultural 

J 

1 

I 

8 

6 

Threshing  societies 

1 
...... 

•4 
32 
2 



1 

123 

Mills... 

1 

34 

Bakeries 

10 

1 

1 

11 

Slaughter  house  societies 

2 

1 

1 

3 

Livestock  loans 

Horse-insurance  societies 

Insurance  against  hail 

Political  associations. 

Total- _ 

570 

2,095 

103 

32 

89 

235 

409         89 

223 

2,312 

1 

The  above  property  is  in  the  hands  of  2,312  societies. 

The  comparison  of  the  status  of  cooperation  in  1910  with  that  of 
1920  emphasizes  its  extraordinary  growth  during  the  10-year  period. 
During  these  10  years  the  Swiss  nation  passed  through  the  experiences 
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of  war-time  control  of  industry.  Much  of  the  control  of  agriculture 
was  turned  over  by  the  Government  to  the  cooperative  associations. 
These  experiences  and  trials  brought  the  farmer  closer  to  his  organiza- 
tions. The  benefits  which  he  derived  from  united  efforts  emphasized 
his  dependency  upon  his  organizations.  As  a  result,  the  financial 
position  of  the  cooperatives  in  Switzerland  is  to-day  the  strongest 
in  the  history  of  the  movement. 

THE    AGRICULTURAL    PRESS    AND    COOPERATIVES 

A  description  of  cooperation  in  Switzerland  would  be  incomplete 
without  mention  of  the  numerous  journals  regularly  issued  by  many 
of  the  cooperative  organizations.  An  idea  of  their  number  and 
extent  is  given  in  Table  58. 

Table  58. — Name,  frequency  of  issue,  language,  and  circulation  of  publications 
issued  by  agricultural  cooperative  organizations 


Name 

Frequency  of  issue 

Language 

Circula- 
tion 

Schweizer  Bauer 

3  times  per  week.. 
Weekly 

German 

17,300 

....  do 

20,300 

Schweizerische  landwirtschaftliche  zeitschrift 

do 

Monthly 

Weekly 

Semiweekly 

do 

do 

14,200 

Schweizerisches  Zentralblatt  fiir  Milchwirtschaft. 
Schweizerische  Milchzeitung 

do 

9,300 

Weekly 1 do 

Monthly ! do 

Weekly 1 do 

1,500 

Die  Tierwelt 

do                    L.  .  do 

Schweizerische  Zeitschrift  fiir  Forstwesen 

Monthly                         do 

Schweizerische  Zeitschrift  fur  obstund  weinbau... 
Dpr  nraktisphp  T?'nrstwirt 

do                              do 

Zurcher  Bauei 

Semiweekly 

Weekly 

Monthly 

Weekly 

do 

11,600 

Der  Landwirt                     ..  

do 

do 

4,750 

Bauernblatt  der  Nordwest  Schweiz 

do 

5,200 

St.  Galler  Bauer 

Neue  Berner  Zeitung 

do 1 do 

Daily               .        i         do 

7,200 

Weekly... 

do 

1,850 

Der  ostsch weizerische  Landwirt 

do 

DaDy 

'"//.doV"/"."'.'.""'.'. 

5,300 
2,100 

Semiweekly 

do 

Zufjer  Bauernblatt 

Weekly                   1         do       

900 

!  French  _        ..      

Le  Paysan  jurossien 

Wppklv 

do.     .- 

115 

Le  Paysan  fribourgeois do!! 

French  and  Oeiman_  _ 
Italian 

6,440 
4,000 

La  Terre  vaudoise 

do 

French    

11,800 

Le  Valais  agricole . 

Bulletin  agricole  Neuchatelois 

do 

Monthly 

do 

.  do..-. 

3.000 
3,300 

Tnnrnal  fi'hnrtipiiltnrp  Sniiisp 

do 

Monthly.. 

Weekly 

do..... 

do                   

T>'ftvipnltnrp 

Monthly 

Italian... 

Tndnstrip  laitiprp  Siiissp 

Weekly 

French    

18, 050 

Le  laitier  romand 

do 

do-.... 

do 

11  Pacese                                                           

Semiweekly 

Weekly 

Italian 

Paysan  vaudois 

do 

Sphwrpi7prisf'hp  Tfrpip  Prpssp 

Daily 

German. 

Weekly... 

do 

100,000 

Revue  Suisse  des  marches  agricoles 

do       - 

French 

35,000 

Monthly.. 

German... 

120,000 

IjC  Paysan  Suisse 

do 

French 

46,500 

rinntariinn  Svi77prn 

do 

Italian 

4,000 

The  above  information  was  compiled  in  1924-25. 

SUMMARY 

Switzerland  is  a  federation  of  25  small  States  called  Cantons. 
These  Cantons  are  in  a  large  measure  self-governing.  It  has  three 
official  languages — German,   French,   and   Italian.     Because  of  the 
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great  diversity  of  traditions,  customs,  and  languages,  it  is  in  reality 
an  international  United  States.  ''United 'but  diverse''  is  its  apt 
slogan. 

It  has  about  two-thirds  the  area  of  the  State  of  West  Virginia 
and  had  a  population  of  3,880,000  in  1920.  Only  about  one-fourth 
of  the  population  depends  upon  agriculture  for  a  livelihood. 

Agriculture  is  intensive  from  the  standpoint  of  expenditure  of 
labor,  even  in  the  mountainous  districts.  Approximately  $50  worth 
of  labor  was  applied  to  each  acre  of  land  on  farms  in  1924.  Farm 
labor  that  is  hired  on  a  permanent  basis — dairy  hands  and  horse- 
men— receives  about  $4.25  per  week  with  board.  Harvest  help, 
that  is  hired  by  the  day  is  paid  around  $1.20.  Day  labor  during 
other  seasons  of  the  year  may  be  had  for  90  cents  per  day.  Hired 
labor  does  not  play  an  important  role,  since  all  but  10  per  cent  of 
those  working  on  the  land  are  farm  operators  or  members  of  their 
families. 

Switzerland  is  a  land  of  family  owned  and  tilled  farms.  Over 
four-fifths  of  the  farms  are  operated  by  owners.  Pride  of  ownership 
may  account  for  the  preponderance  of  attractive  rural  homes. 

The  farms  are  small  in  size.  On  an  average  they  contain  about 
20  acres.  Without  question  an  economic  unit  for  most  types  of 
farming  should  contain  more  than  this  area.  Such  limited  areas 
result  in  a  high  capitalization  for  buildings. 

Perhaps  the  greatest  single  handicap  to  Swiss  agriculture  is  that 
many  of  the  farms  are  divided  into  a  number  of  separated  strips. 
On  an  average,  each  farm  has  14  separated  fields.  Legislation  pro- 
vides for  the  consolidation  of  farms  into  fewer  separate  holdings, 
but  consolidation  is  not  a  simple  matter.  Custom  is  difficult  to 
overcome. 

Switzerland  possesses  enlightened  legislation  on  the  inheritance  of 
rural  property.  It  is  designed,  on  the  one  hand,  to  prevent  excessive 
subdivision  through  inheritance,  and,  on  the  other  hand,  to  prevent 
excessive  payments  to  coheirs  on  the  part  of  the  heir  who  is  desirous 
and  capable  of  working  the  farm  intact. 

From  an  agricultural  standpoint  the  area  of  Switzerland  may  be 
roughly  divided  into  three-fourths  productive  and  one-fourth  un- 
productive. Of  the  productive  area,  two-sixths  are  forests  and  farm 
wood  lots,  three-sixths  pastures  and  meadows,  and  the  other  sixth 
consists  of  peat  bogs,  orchards,  gardens,  and  field  crops.  The  plowed 
land  is  less  than  10  per  cent  of  the  productive  area  or  about  7  per 
cent  of  the  total  area. 

Switzerland  imports  approximately  one-fourth  of  its  food  supply. 
Cereals,  the  largest  single  item,  were  nearly  40  per  cent  of  all  agri- 
cultural imports  in  1924.  The  value  of  agricultural  imports  is  four 
times  that  of  exports.  Dairy  products  make  up  80  to  90  per  cent 
of  the  agricultural  exports  and  of  these  cheese  is  the  important  item. 

Switzerland  imports  butter  and  exports  cheese.  The  value  of 
dairy  exports  in  1924  was  nearly  three  times  that  of  dairy  imports. 

Two-thirds  of  the  farm  receipts  of  the  country  come  from  dairy- 
ing, cattle  feeding,  and  hog  raising — three  branches  of  the  dairy 
industry.     Dairying  is  the  keystone. 

Labor  and  interest  on  land  and  capital  are  the  largest  items  of 
costs  of  farm  operation.  Interest  at  5  per  cent  on  capital  investment 
accounted  for  approximately  one-fourth  of  total  farm  costs  in  1924. 
Labor  represented  another  42  per  cent. 
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Switzerland  is  a  dairy  country.  The  842,000  dairy  cows  produce 
on  an  average  756  pounds  of  milk  per  cow  per  year. 

About  16  per  cent  of  the  milk  is  fed  to  livestock.  Forty- two  per 
cent  is  consumed  as  whole  milk,  and  41  per  cent  is  manufactured 
into  dairy  products.  Around  two-thirds  of  the  milk  enters  market 
channels.  Nearly  one-half  of  the  commercial  milk  is  utilized  in  the 
manufacture,  of  cheese. 

The  annual  per  capita  consumption  of  milk  in  Switzerland  in  1926 
was  290.6  quarts;  that  of  cheese,  24.3  pounds;  and  that  of  butter, 
11.9  pounds. 

Retail  milk  is  sold  in  bulk.  The  consuming  public  is  not  now 
willing  to  pay  the  added  cost  of  bottle  protection. 

Handling  costs  from  local  shipping  points  to  the  consumer's  door 
amount  to  about  25  per  cent  of  the  retail  price. 

The  purchasing  power  of  milk  is  still  less  than  it  was  before  the 
World  War.  The  Swiss  farmer  is  demanding  the  equalization  of 
farm  prices  with  those  of  other  classes  of  necessities. 

The  extent  of  agricultural  cooperation  in  Switzerland  is  amply 
illustrated  by  the  fact  that  in  1920  there  were  nine  cooperative 
memberships  for  every  farm  in  the  country.  This  number  is  account- 
ed for  by  the  following  facts:  A  single  individual  may  be  enrolled  in 
more  than  one  local  cooperative,  a  local  cooperative  may  be  affiliated 
with  more  than  one  central  organization,  and  more  than  one  member 
of  a  farm  household  may  be  a  member  of  one  or  more  cooperatives. 
But  with  duplications  eliminated  the  figure  is  impressive. 

In  1920  there  were  10,942  locals  with  657,082  members.  In 
addition  there  were  368  federations,  cantonal,  intercantonal,  and 
national  bodies,  with  an  enrollment  of  1,440,928. 

When  the  cooperative  organizations  engaging  in  commercial 
transactions  are  classified  by  major  activities,  2,336  are  found  to  sell 
farm  products,  2,075  to  purchase  farm  requisites,  and  1,294  to  engage 
in  manufacturing  and  processing. 

The  financial  position  of  the  Swiss  cooperative  is  stronger  to-day 
than  ever  before. 

Cooperation  and  dairying  are  almost  synonymous  in  Switzerland. 
In  1920  there  were  3,519  local  dairy  cooperatives  with  102,659 
members.  These  locals  are  united  into  a  number  of  different  types  of 
federations.  The  Central  Union  of  Swiss  Milk  Producers  is  the  hub 
of  the  organized  dairy  movement.  It  has  25  member  federations 
representing  3,392  local  societies  with  99,059  members.  It  controlled 
the  product  of  534,852  cows  of  the  total  cow  population  of  810,000 
in  1924.  Hence  the  production  of  66  per  cent  of  all  the  cows  in  the 
country  is  controlled  by  one  central  federation.  This  is  an  impressive 
indication  of  the  extent  of  cooperation  among  Swiss  dairy  farmers. 

The  federated  dairy  farmers  have  joined  forces  with  the  private 
cheese  dealers  in  handhng  the  export-cheese  trade.  This  trade  is  in 
the  hands  of  the  Swiss  Union  for  the  Sale  of  Cheese,  a  company  owned 
and  controlled  on  an  equal  basis  by  the  cooperatives  and  the  private 
wholesale  cheese  merchants.  This  is  an  outstanding  example  of 
successful  and  open  cooperation  between  organized  producers  and 
organized  dealers. 

The  Swiss  Central  Butter  Society,  operating  under  the  super- 
vision of  the  Central  Union  of  Swiss  Milk  Producers,  has  sole  charge 
of  the  butter  imports  of  the  country. 
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The  federation  of  federations,  the  representative  of  organized 
agriculture  of  the  nation,  is  the  Swiss  Peasants'  Union.  It  has  grown 
from  20  adhering  associations  with  74,227  members  in  1898  to  52 
affiliating  federations  with  402,158  members  in  1926.  It  has  160,000 
more  members  than  there  are  farms  in  Switzerland,  because  many- 
members  belong  to  more  than  one  affiliating  body. 

Its  director  and  assistant  director  have  served,  since  its  founding — 
nearly  30  years.  Seven  of  the  eleven  members  on  its  executive  com- 
mittee have  seen  a  quarter  of  a  century  of  service  as  committee 
members. 

The  Swiss  Peasants'  Union  has  a  staff  of  61  persons.  Many  of  these 
are  specialists  and  scientific  workers.  The  confidence  of  the  nation  in 
the  accuracy  and  reliability  of  its  scientific  work  is  attested  by  a 
Federal  subsidy  for  promoting  economic  studies  in  the  field  of  agri- 
culture. 

In  the  promotion  of  the  general  welfare  of  agriculture  it  is  doubtful 
if  the  Swiss  Peasants'  Union  has  a  cooperative  equal. 
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